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77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Research

49 Muman Performance & Behavior Sub-program

01 PERCEPTION TASK AREA

Vi | Studiss as Related to Space Flight Stresses
21.77-770-100490101  Neurchermona s slate P gh ¢

Neurchormonal aspects of braln mechanisms ond_stress.

- {1) To Identify the neurohormone from the hypothalamus which releases ACTH from
the pituitary. Evidence so far indicates that this is Yasopressin (ADH). () To assay
Vasopressin in brain tissue, in jugular blood and jn C-S fluid in animals under
various physiological and _“unphysiological” cunditions such as physical and
psychological stresses. (3) To investigate the mechanisms by which Vasopressin is

f the hypothalamus under stress and role of Vasopressin in the
:;Letf:s?s ;:g‘ degradayt;i’on of ACTH (with Dr. Stanley Ellis). (4) To measure adrenal
stercids and catecholamines in blood and urine in animals and man under stress

conditions,
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21-77-T10-10048-01-02  Pituitary Chemistry —Ames

To determine the naturs of the chemical and physiological
mechanisms responsible for the bio-synthesis, storage and secration of pituitary
hormone with particular reference to the asffects of stresses such as may be
encountered during manned space flights.
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10-77-770-100-48-91-03 Respiratary —dHdqt

To determine the optimum space cabin environment and
the hazards resulting from variations in environmental gas concentrations.

Tesk Form 13 7 e )
e 71620 1 et 1 | et
Ten s NOT. REPORTED T Tx
Caswocer QR B WELCH Lo:'u:n

FY 63

Tetbens NEW Mo Yro

o["’ [

21-77-770-10049-01-03  Research In Cerebral Neurophysiology-and Its Applications

in Monitoring Behavioral States —Ames

- To pursue cerebral neurophysiological studies includin

(1) the feasibility of placing recording electrodes in deep "brain structures, (2) ef-

fects of vibrational stresses on brain electrical activity, (3) studies of cosmic ray

effects on brain electrical activit

havioral studies, {5) application o
{6) computor studies of EEG data,

, (4) chimpanzes neurophysiological and be-
EEG recording to manned space flight, and
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10-77-170-10048-01-05 Central Nervous Systam —Hdqt

To partially fund the National Academy of Sciences, Na-
tional Research Councll, Committess on Vision and on Hearing and Bio-Acoustics.
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10-77-770-10048-01-06 Central Nervous Systems —Hdgt

To conduct a neurophysiological analysis of the “electro-
narcosis” phenomena with the aim of understanding the mechanisms for the
physiological manipulation of conscl :
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77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Research
49 Human Performance & Bchavior Sub-program

01 PERCEPTION TASK AREA

10-77-770-100-49-01-07 Central Kervous System ~—Hdqt

Study the basic physiological mechanisms which defined
the human body against heat and cold, and to determine the extent and efficiency
of energy transtormation in the human body and in isolated body constituents at
the molecular level.
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10-77-770-100-48-01-08 Ceatral Nervous System ~Hdqt

To oblain data on the variables that affect the threshold
for thermal sensations at skin temperatures between 27° and 42°C, and to study
the relationship betwesa skin temperature, thermal threshold, and state of
vasoconstriction,
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16-77-770-100-43-01-03  Castrointestinal and Mstabolic —Higt

X The precise caloric, protein, and water requirements will
be studied in 16 young male individuals per year. Individual amino acid, caloric,
and water requirements will be studied under controlied baseline_ conditions.
Altered requirements due to changes in pressure, temperature, activity, and ths
wearing of a full pressure suit will be studied using the AMRL Space Vehicle
Environment Simulator.
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10-77-770-1C3-49-01-10  Endacrine ~Hdqt

To determing the effects of chranlc hyposia, cold, exer-
cise, and stress upon erythropoiesis and adrenal cortical funclicn during ascent
of Mount Everest.
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02 ENVIRONMENTAL PHYSIOLOGY TASK AREA

10-77-770-100-43-0201 fon Effects on Man ~Hdgt

Analyze the existing experimental dats on man and ani
mals to determine the effects of positive and negative ions in order to either
write habitability requirements for prolonged confinement in space cabins of
indicate avenues of research that must be pursued in order to determine adequate
design criterla,
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21-71-770-100-490201 Vision, Circulation and Respiration under Sustainsd Ac-
celaration —hAmes

Sustained linear acceleration regardless of how applied
to the body affects adversely the function of the respiratory, cardiovascular and
visual systems in the body. Past investigations have delineated the nature of
these etfects. It is necessary to further investigate more specifically the character

and magnitude of these adverse effects in order to determine the ideal physical
orientation of the pilot in relation to the motion of & vehicle so as to permit
the optimum physiological performance.
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10-77-770-100-49-02-02  Acceleration —~Hoqt

To analyze the role and function of the vestibular canals
snd In particufar to study the relationships between rotational stimulation of the
labyrinth and the variables of circulation and respiration.
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21-71-770-109-49-0202  Study of Long-Term Emtects of Low G-loading on Mammals

(mice, rats, stc) —Ames

To study the effects of long-term exposure to an altered
G environment by centrifugation) of various mammals including mice, rats. Physio-
logic and biochemical effects will be measured to delineats those responses which
are G-responsive. Control data as well as test animal data will uitimately be
applied to setting up specific experiments for sustained zero G studies. Adaptive

changes in the homeostatic processes will be foliowed In supra one G adapted
animals when they are returned to normal G environment. Intracellular effects of
sustained G loading will be studied particularly changes in fat and carbohydrate
metabolism of mitochondria and protein metabolism of isolated microsomal
fractions. Alterations in blood and tissue isoenzymes wili be studied. Metabolic
studies both at the whole animal level as well as the tissue and celiular levels
will be followed with labeled substrates.
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10-77-770-100-49-02-03  Acceleration —Riqt

To take the existing information both analytical and re-
search, and summarize all the acceleration effects; that is, including positive,
negative, high-G, random-G (tumbling) and acoustics (vibration and noise), and
their effects on man in order to determine design criteria, as well as to point
ou'tr elﬂects of research required to answer problem areas for futuwe aerospace
vehicles.
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21-77-770-100-49-0203 Metabolism of Animals as Isfiuenced by Space Environ-
meantal Conditions —Ames

The purpose of this research is to undertake a study of
the total body metabolism of mammals under conditions which simulate prolonged
space voyages to determine whether environmental conditions encountered alter
the normal pattern.
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10-77-770-100-49-02-04  Accelerauon —~Hogt

To determine the mechanisms by which force fields will
produce disorientation and functional disturbances by their effects upon the se..’
circular canals and otolith organs of the inner ear. Normal and altered vestibular
function will be studied. )
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21-77-770-100-48-0204 Radiation Dosimetry and Measursment —fmss

. ~ To develop techniques and devices which will Improve
the basic understanding of the interaction of radiation with living organisms and
provide optimum design criteria for satellite instrumentation.
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10-77-770-10048-02-05 Radiation —Rigt
Contractor will develop a technique for calibration of
different types of radiation on a scale showing dose vs. cell destruction. it is
planned to establish a common unit (Linear Energy Transfer) as an index of celi
destruction (various radiations wiil show various LET's). Study is effected to
xrov:de a unifying indicator for radiation damage for a mixed or pure spectrum.
prime objective appears to be fabrication of instrumentation that will measure
the absorbed dose within a scattering medium of yeast celis.
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21-77-170-100-49-0205  Theoretical Study of High Energy Radiations ia Relation

to Biological Systems —Amas

. Physical characteristics of high energy radiations in space

will be compared to those of man-made radiations in order to predict equivalent

biological changes. Tolerance limits of the central nervous system for heavy cosmic

fay primaries will be estimated and related to other deleterious effects which may
be mitigated by drugs or local shielding.
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77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Research
49 Human Performance & Behavior Sub-program

02 ENVIRONMENTAL PHYSIOLOGY TASK AREA

10:77.770-100-49-02-06 Radiation —Hdgt

1. Study biological effects of 730 Mev protons (184-inch
cyclotron). 2. Study biological effects of heavy ions up to 30 Mev per nucleon
(88" cya). 3. Study proton and other heavy lon interactions with patential shield
materials and other spacecraft components. 4. Basic molecular and cellular effects
of accelerated particles.
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21-77-770-100-48-02-08 Effects of High 6 Loading on Metabolism ~Ames
To determine the effects of high G-loading on the metab-

olism of mice.
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10-77-770-100-49-02-07 Radiation ~Hdgt

1. Species correlation, rrincipally mammalian, of biological
effects of high energy proton irradiation, partial and whole body. Work to be com-
md with &revious studies using neutron, x- and gamma radiation. 2, Calculate

and REM doses in human phantoms as a function of radiation energy. 3. De-
termine physical parameters which may be correlated with biological damage. 4.
Develop practical physical methods to measure radiation hazard to man and bio-
logical systems.
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21-71-770-10049-02.07 Pathological Studies on the Brains of Mice and One
Monkey to be Exposed to Cosmic Radiation in High Altituds
Ballooa Flights ~Ames
. . Extension of Project R-26: To cover cost of serially sec-
tioning the brains of the increased number of animals fiown in balloon flights on
enginal project. This means processing and analyzing 90,000 more histological
thides than was previously covered in the initial statement.
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10-77-7170-100-43-0203 Radiation -Hdgt

. . . Yo determine the energy dissipation characteristics In
tissue for lonizing radiation in space, .
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21-77-770-300-49-0208 Space Physiology (Extenslos of Ns8 133-61) —Ames
To establish base-line data on physiclogical parameters
of function in mammals under conditions which simulate those to be found within

" a vehicle in interplanetary flight.
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10-77-770-100-48-02-09 Predominating Fecal Flora In Man -Hdqt

Yo utllize an anaerobic techniqua to isolate intestinal
flora bacteria, in subjects that are under normal conditions and subsequeatly
placed in space flight environments. The study will evaluats the influence of
space conditions on the balance of man's intestinal flora and man's reaction to
sny change In this balance.
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21-77-770-100-49-02:09  Histeopathological Study of the Effect of Fission Frag-
ments on the Central Nervous System and Selected Organs

{NAS 2-1338) ~—Ames

. To smd‘ the biological effects of energetic, massive,

highly charged particles on rats. The cosmic particles will be simulated by fission
fragments actually generated within the bodies of the rats. The cellular etfects of
the fission fragments will be studied histopathologicaily. The toxicity of com-

pounds containing uranium and plutanium will also be determined.
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10-77-770-10043-02-10  Noa-lonlzing Energy Fialds ~Hdqt

To analyze the existing animal and human data in high,
low, and nul magnetic fields for application to design of manned space systems
and to point out possible human research requirements if magnetic field effects
are not sufficiently understood and documented. This study will be coordinated
m;h the present study on magnetic tields on animals sponsored by NASA Bio-
sciences, and with current work being conducted by the Atomic Energy Commission
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and other agencies. To determine the effects and precautions required for life
In environments containing abnormal levels of non-ionizing energy such as ultra
frequency, fadio frequency energy and light (laser emission, etc),
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21-77-770-100-49-02-10 Parametric Study of Flight-Induced Pulmonary Pa_tﬂlogy
mes

A series of experiments will L+ conducted for determin-

Ing the environmental conditions associated with the sulmonary pathalogy ob-
served In pilots of high-performance aircraft. Selected wuman subjects will be
centrifuged through an analogue of the Apollo reentry g profile, while systematic
variations of the following parameters are imposed: breathing gas pressure;
breathing gas composition; and the duration and direction of g-foads. Sufficient

measures will be employed to describe the physiological condition of each subject
during the experiments. Resulting data will be analyzed to determina the conditions
that induce pulmonary pathofogy, and the physiological changes that induce, or
are associated with onset of the pathological response.
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10-77-770-10049-02-11  Non-lonizing Energy Fiefds —Hdgt

To study the effects of high and low magnetic fislds on
animals and human beings. .
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2‘-11-170-100-4\9-02-11 Electronsurophysiological—Task Performance Correlates
—Amos

An experimental investigation of variations of the electro-
neurophysiological correlates and task-performance under conditions of controlled
stimull. It is planned to use both pigtail monkeys and chimpanzees.
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10-77-770-100-48-02-12  Atmaspheric Cenditions - —Hdqt

Determination of the passible neuropathological effects
of prolonged exposure of rabbits and mice to a 100 per cent oxygen atmosphera.
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21-77-770-100-45-02-12 Blologlcal Rosearch with Heavy loa Beams —ANes
Biological Resaarch with Heavy lon Beams.
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10-77-770-1004902.13  Atmospheric Conditions —Hdgt

. . Study of the metabolic, biochemicai, biophysical, and
histofogic characteristics of oxygen toxicity in isolated tissues of amimals exposed
to 100 per cent oxygen at atmospheric pressures varying from 7.4 psi to 14.7 psi.
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21.77-770100480213 Dosimetry of High Energy Radiatlis —imes

Dosimetry of High Energy Radiation.
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10-77-770-100-49-02-14  Atmospheric Conditions ~Hdqt
To study the hematalogical and deaatoposetic effects of
a 100 per cent oxygen environment.
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77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Research
49 Human Performance & Behavior Sub-program

21.711-770-100-48-02-14  Post-Mortam Clinical Analysis of Biclagical Speilx:ens
mes

Post-mortem chemical analysis of biological material wilt

be undertaken to establish the ante-mortem status of individuals in closed space
systems. New biochemical methods and techniques will be developed for this

purpose.
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10-73-770-10049-02-15  Radiation —Hdgt

This project is a continuation of ten-year observations on
some 475 irradiated snd 104 control primates throughout the remainder of the
primate’s fife for long term effects studies in cataractogenesis, longevity, and
carcinogenesis.
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10-77-770-100-48-02-18 Radiation ~—Hdqt

1. Measurements of dose and depth dose distribution
produced by protons of various energies. 2. Determination of effects of proton
irradiation in animals. 3. Provide dosimetry for proton irradiation of biological
samples. 4. Calibrate solid-state detectors for future use as active dosimeters.
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1077.770-10048-0217 Radiation —Rdgt

. . To study the modification of ionizing radiation effects in
primates with transfusions of the specific biood celf types in Hematopoietic tissue.
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10-77-770-100-49-02-18  Acceleration —HRdgt

To investigate the interacting effects of hydrostatic pres
sure and low temperature upon the reanimation of iafant and 2dult mammals in
hypothermic suspended animation after removal of the gas phase. This will be
carried out in a static hydraulic pressure chamber to remove the complicating
effect of acceleration as reported in the preliminary study. The additional effect
of acceleration will then be studied in the centrifuge.
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10-72-770-100-43-02-19  Envirenmental Physiology —Hdqt

1. Study biological effects of 160 Mev protons, principally
on neurological tissues, with emphasis on the brain, 2. Study proton interactions
with potential shield materials and other spacecraft components. 3. Basic molec-
vlar and cellviar effects cf 160 Mev accelerated particies. This task will ba
closely coordinated with HQ and AEC,
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10-77-770-10043.02:20 Radiation ~Hdgt

1. Ascertain if carcinogenesis will result from exposure
to either cosmic_radiation and/or the Van Allen radiation belts. 2. Improve pre-
dictions concerring hazards of space travel.
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10-77-770-100-49-02-21 Free Space—Extravehicular and Surfacs Eavironmental
Studies —Hdgt

1. Establish base line data on physiological parameters
of high leve! mammalian organisms under conditions corresponding as closely as
possible to those in a flight vehicle in the interplanetary environment. 2. Develop-
ment of sensors to accomplish #1 above. 3. Dev. of prototype device for com-

pletely isolated hoiding (with minimum restraint, and remote observation) of ani
mals as though they were in space. 4, Establishment of new studies in chemistry
and physical leve! of Biology.
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03 BIO MEDICINE AND PERSORNEL SELECTION TASK AREA

10-77-770-100-49-03-01  Pharmacelogy, Prophylaxis and Therapy —Hdqgt

To determine the differential localization of thiethylpero-
zine in cellular areas and its specific localization within the fine structures of
cerebellar cells.
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21-71-770-10048-03-01  Ocular Impedance Plsthysmozraphy ~Ames

To ascertain the possible capability of measuring changes
In intraccular tension of the eye (similar to that which takes place in glaucoma)

when a subject is placed in 8 stressful situation such as sustained, impact or .

vibratory acceleration.
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10.77-770-10048-0302  Toxicology ) —Hdgt

To partially support the Toxicology Center and the Armed
Forces-NRC Committee on Toxicology in order to obtain information and advics
concerning toxic’fuel's, combustion products, and trace contaminants that are
likely to be involved in manned flight aperations.

05 HABITABILITY TASK AREA

10-77-770-100-49-04-01 Natural Rhythmic and Clrcadian Patterns —Hdqt

. To study the relationship of diurnal cycles of physiological
functions and performance under conditions of constant environmental and shifting
time schedules.
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23-71-770-100-43-03-04  Effect of Rough Air on Alrcraft Crew Performance —LRC

Using simulator setups which provide motion, the per-
formance of an observer doing tasks pertinent to a low altitude surveillance mission
will be measured under conditions simulating flight in various leveis of rough air.
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21-77-770-100-49-04-01  Auditory Perception During Spacs Mission ~-Ames

Work performed under this task will (1) determine audi-
tory requirements of space system operation (FY '63) (2) identify potential prob-
lems of auditory sensation and perception due to anticipated mission conditions
(FY '63) and (3) perform research pertinent to the solution of these probiems
{FY "63-'64). Laboratory methods will be employed to provide needed information
concerning basic auditory processes, to specify man's capabilities and limitations

In sudition, and to develop and evaluate space system hardware which involves
the suditory process. Contracts (contractor not yet determined) will be awarded
to study speclalized aspects of auditory processas.
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23-71-770-100-49-04-01 Studiss of Man in a Rotating Environmant —{RC

To determine human tolerance and adaptation to rotation.
The results will be useful in manned space station design.
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10-77-770-100-49-04-02 Information Reception & Transmission ~Hdgt

To analyze the structure, function and performance of
biosensqrs and compare these biomechanisms with their analogous physical trans-
ducers in order to evaluate_ applicability to instrumentation design.

Towe e 7162050 1 ™ B
Temme CHATHAM_G N [ [

Cawscw ALLIED RES_ASSOC o= MASS

-
Tesasens NEW AR Prol R lr.c




77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Reseawch
49 Human Performance & Behavior Sub-program

04 PSYCHO-PHYSIOLOGY AND BEHAVIODRAL SCIENCES TASK AREA

21-71-770-10049-04-02  Visual Parception During Space Missions —Ames
Work performed under this tesk will (1) determins visual
requirements of space system operation (FY '63), {2) identify potential problems

- of visual perception due to anticipated mission conditions (FY '63) and (3) perform

research to solve these problems (FY '63-64), Laboratory methods and ground-
based simulators will be employed to provide needed information concerning basie
visual processes, to specify man's capabilities and limitations, and to develop
and avaluate space system hardware (including information displays) which involve

" the visual dprocess. Where appropriate, experiments will be developed to be con-

ducted under actual space operating conditions. Contracts (contractor
detarmined) will be awarded to study specialized sspects of visual porfo?;‘an{::f
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2371-7710-100-49-04-02 Determination of Visual Aculty ~iRC

To determine visual acuity with regard to such tasks as

+ depth perception, closure rate perception, angular rate perception, target acquisi-

tion, stc., with regard to such space operations as rendezvous, docking, lunar
landing, etc.
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10-77-770-10043-04-03 Cerebral Mechanisms —Hdgt

To develop techniques for the recording of brain wave
activity in primates during space simulation stresses, including techniques for
deep and surface electrade implantation, the establishment of EEG baselines for
varlous physiological states, and techniques for data reduction and analysis.
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‘21-77-770-100490403  Decision Making in Spacs System Operation —Ames

. ) Work performed under this task will (1) determine re-
w"fas"“ for judzments and decisions associated with space system operation
FY 6 (2) identify potential problems related to the operation of such systems
6Y 63 and (3) perform research pertinent to the soiution of these problems

oW 64). Determination will be made of man's capabilities in responding both
mth:dsmdmm and to unexpected events of space missions. Both laborato
« and ground-based simulators will be used. Where appropriate, researc

wil be conducted under actyal s i iti
pace system operating conditions. Contracts

%0 not Armi iali
Gecis, yet :ret mmined) will be awarded to study specialized aspects of
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10-77-770-10049-04-04 Cerebral Mechanisms —Hdgt

To develop techniques for the recording and analysis of
brain wave activity in primates during space simulation stresses. The scope cof
the work includes development of implantation methods for surface and for deep
electrodes, the establishment of baseline data for EEG in the primates in ali
normal states including emotional arousal, application of data reduction techniques

to the EEG recordir;gs, including computer analysis. The project aims ultimately
at the utilization of EEG as a measure of the ability of a primate or 3 man to
perform under conditions of space travel.
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23-77-T10-10043-05-01  Examination of Mathods f Simul..ng Zera “6” —LRC

. . To develop devices for creating the sensations of zero “g”
for relatively long periods of time (one hour or more) and to study man’s ability
to perform lasks under these conditions.
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23.77-770-100-49-05-02 Human Behavior and Performance During Simulated Lo
Duration Missions ..1.an

To study crew behavior performance under conditions
simulating long-duration space missions with the objective of avoiding any deleteri-
ous effects.
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51 Physical Biology Sub-program
01 BIOCHEMICALS TASK AREA

10-77-770-100-51-01-01 Effects of lsolation, Sensory Deprivation & Sensory
Rearrangement —Hdgt
The investigator will study the etfects of sensory rear-
rangement, specific sensory deprivation & lIsolation factors on basic  sensory
thresholds, including the analysis of evoked potentials & physiological indices
(EEG, EKG, GSR, etc).
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21-71-170-100-51-0101  Skilled Performance in Space Vehicle Control —Ames

Work performed under this task will (1) determine re-
quirements placed upon the space system operator for complex motor skills per-
formances (FY '63), (2) identify potential problems related to the operation of
systems requiring such skills (FY '63), and (3) perform research pertinent to the
devalonment of maximally effective systems (FY '63-'64). Both laboratory methods,

Spmen

and ground-based simulators will bs employed. Where app;opriato. research wil

be conducted under actual space system operating conditions. Contracts (con-
tractor not yet determined will be awarded to study specialized aspects of skilled
performance. -
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10-77-770-100-531-0102 Handhooks of Human Factors Methods ~Hdqt

. The contractor will provide a study to determine the re-
quirements and methodology for human factors system engineering and design for
aerospace systems, manned ard unmanned.
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21-11:110-100-51-01-02 Communication in Space Operations —Ames

Work performed under this task will determine require-
ments for, and anticipated proglems of communication within the space environ-
ment, and among launch crews on earth. A mathematical approach will be employed
evaluating systems in use and specifying adequate communication systems for
future use in accordance with both mission requirements and human capabilities.
The adequacy of communication systems in task performance will be made in the
Jaboratory, under simulated operating conditions, and in the actual operational

environment when this s desirable and possible, Contracts (contractor not yet
detenncillll'ed) will supplement in-house work in specialized areas of communications
resear
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10-77-770-100-51-01-03  Biological Mechanisms —Hdgt

To review biological mechanisms for application to in
strument design. The cost increase resuited from an increase in overhead rates
from 165% to 180% and a G&A rate of 12.5%.
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21-77-770-100-51:0103  Pilot's Abliity to Cope with Sudden Changes in “:Alino:;

troiled Elemeat ) -
To determine the ability of the pilot to cape with or
adapt to abrupt changes in stability and damping_ such as stgplllty augmenter
failures; abrupt changes in information input, specifically transition from 1fR to
VFR and from normal to emergency display modes;
havior, i.e., engine or power control failure and/

and abrupt changes in controi be-
or control surface damage. These

o il il ke

situations will be created on motion simuiators ang in THgnt wia variavie-steun
aircraft to determine how the pilot adapts and what the quantitative limits
his abilities are.
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10-77-770-100-51-01-04 Characteristics of the Segments of the Human ?:;!‘j

For more accurate anatomical information in developm
of restraint and protective systems, the investigators will determine mass, dens
and center of gravity of 15 definitive body segments in 12 cadavers anthropon
rically comparable to the Air Force flying population.
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21-77-770-100-51-01-04  Application of Reliability Theory to the Allocation
: Function Between the Pilot and the Vehicle Systems—Ai

To develop analytical and experimental means for de

mining the reliability of competing manual and automatic control systems
mid-course and re-entry control of space vehicles. Procedures will then be de
oped for using these determinations to assess the optimum allocation of con

function between the crew and the vehicle systems and to assess the increasi
probability of mission success resulting from full use of the crews’ control, m
toring and decision-making abilities.
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10-77-770-100-51-01-05 Biological Mechanisms ot

Additional funds required to cover increass In overl

. since execution of original contract.

e e 6162 91 62Fmn™ 1 | et
Tk QRIS F B [ |

Gowscw ALLIED RES_ASSOC L= MASS

TeStews REPLA 2..‘3'- Pref d lh' !




77 HUMAN FACTORS SYSTEMS PROGRAM
770 Dircctor of Biotechnology and Humon Research
51 Physical Biology Sub-program

01 BIOCHIMICALS TASK AREA

21.77-.773-100-510185  Preblem Areas Associated with Flight Through Turbu'ent
Ar —Ames
To consider the following aspects of flight through tur-
bulent air, specifically the A2F, TFX, and SST mission profiles: (@) Control system
teel requirements, stability augmentation, gust aileviation; (b} Crew station design,
including restraint; () Display requirements; (0 Long:term effects on pilot and

crew performance; (e) Passive passenger comfort and tolerance levels and () Sim-
ulator requirements. Motion simulstors and an A2F will be used in conjunction
with the KAA simulstor,
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21-77-770-100-510108 Vestibulzr Matlon Cuss Used by the Human Pilot —Amas

Thresholds and reaction latencies for perception of an-
gular motion have been measured on Ames test pilots to limits feasible on existing
§*-of-freedom device, Specifications for more sensitive equipment have been pre-
pared. Tests will be repeated on this, on Ames Space Flight Guidance Facility to
determine effects of steady acceleration (1665) and in actual flight to determine

effects of environment and combined unlimited maneuvers (1964.5). Thresholds

and characteristics of visual perception of motion will also be detarmined to ses
how It relates to the vestibular functions. The effects of combined inputs and
emergency stresses on recognition and latency will also be determined.
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Lunar er Planetary Mission
. _By analytical studies and pilct2d simulations to consider
feasible control and navigation techniques under likely s>ort conditions; to deter-
mine optimum allacation of function Detween pilot and vehicle systems for reli-
ability and performance; to determine requirements for adequate research and
training simulation,

21-77-770-100-510109  Human Pilot Control Problems ia s Manual Abort of 2
~—Ames
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21-77-770-100-51-01-10  Effects of Individual Environmental Stresses of Spacs

Flight on Human Pilot Perforaance —Ames

To use closed-loop simulations with a human pilot placed
in various NASA and DOD single-purpose environmental stress facilities to determine
the effects on human performance of linear acceleration; short term weightiessness,
vibration, impact, heat, pressure, and Crew space habitability. A standard pilot
task is used on centrifuges, Daisy track, heat and vacuum chambers, vibration
device at WADD, and so forth.

-ﬁpﬁf:m e 716 ZIE".'J. 7162 ;,'_,;" 6 54 T FORT

Temie RATHERT G [ x |
Tosrons NE W l:‘.‘#,, Prel 2,517.. 'y

Mg lie 71620 71 62f00" 6165 el Con

Teilbe STEWART J [ X |
Jeksons NEW AR Prot” 2,5 lr.' 4

21-77-770-100-510107 Human Plh; Control Problems in a2 Manned Planetary
Landing —~—Ames

. By piloted simulations and flight tests to determine the

proper function of the human operator in a planetary landing system (atmospheric);
to determine what characteristics should be built into the vehicle and its system

- for optimum performance and reliability; to determine requirements for adequate

research and training simulators.
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21-71-170-100-51-01-11  Bislogical Control Systems—A Comprahensive and Critical -
Review of ths Field ~—Anes
Yo make a comprehensive review of the current state-ok
knowledge in the field of biological control system. Review will includa_(1) ap-
praisal of experimental programs, (2) evaluation of t-2 state-of-engineering, and
(3) discussion of the potential applicability of knowiezze gained
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21-71-770-109-510108  Dzsiza Principles for DBisplzy and Control Systems for
Locovary froxa Unusual Attitudes . —Ames

o oo To set up design principles aimed at providing increased
pilot’s capability in affecting recovery from unusual atlitudes brought about by
ststell gyrations, trassition from VER to IFR flight (business aircraft) and
ateraldirectional cross-coupling. Passible use of alternative inputs such as dis-
g'.azo‘:ug;eng.\g. integrated director displays, aural and tactile input devices will

nsidere

10

21-77-770-100-51-01-12  Utillzation of Bloslectric Pitantials, Support Phass |
—Ares

. . To establish the feasibility o the utilization of the Bio-
electric Potentials as a primary energy source for imuanted electronic devices.
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02 INFORMATION ACQUISITION TASK AREA

16-77-776-106-51.02-861 M-MIC 345t
To cover the cost of operation of the Man-Michine In-
formation Center for ond year.
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21-77-770-100-510201 Cjerator Selection for Spzse Missions —Ames

Work performed under this task will develop metheds tor
selecting individuals for the performance of space missions. Man's activities in
space system operation, and the conditions under which performance will oceur,
will be analyzed to determine requirements to be satisfied by the selection pro-
cedure. Methods of selection will be developed. Tests of man's response to
conditions expected in space system operation (including inter-personal inter-

actions) will be made In laboratory facilities and in ground-based simulators.
Where appropriate, research will be conducted under actual space system operating
conditions.
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23-17-770-100-51-02-01  One-Man Vehicular Locomotion -{8C

To study the system requirements and pilot ability to
control and navigate himself under zero gravity as in operations between and
about orbiting vehicles. Analytical studies and simuiations will be performed. The.
problem of rescue will also be studied as a special case.
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03 CONTROLS & OPERATIONS TASK AREA

10-77-770-100-51-03-01 Remate Control Systems ~Hdgt

To determine the rofe of remotely controlled systems in
future space missions, to define the various configurations such systems might
take, and to recommend the development of advanced technology which can be
utilized in the selection of specific systems for particular missions.
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21.77-776-120-5103-01  Development of Physiolegical Montioring Equipment for
Use in iiaticn flinht Simulators and Aircralt —Ames
Yo provide medical menitoring equipment for the motion
flight simutators at the Ames Research Center, 2ad for use in aircraft such as the
F1GOC at the Flight Research Ceater ard a backup system for the X-15 aircraft.
This program will permit refinement of the currently existing equipment with a
view towards its beiny uitimately availehle for erbiting and space vehicles. A
letter of request from FRC to ARC dated 10/27/61 requests this equipment.
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24-77-770-103-51-0301  Crew-Aircraft Intezration —~FRE

. . The objective of this task is to investigate the effect of
mission requirements, crew number, and environment ypon crew-aircraft integration.
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10-77-770-100-51-03-02 Evaluation of Advanced latsgrated Display & Control
Systems —Hdgt

The contractor will review contemplated manned space
missions subsequent to Apollo and establish a generalized mission envelope to
sarve as a basis for the design.
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21-77-770-160-51-03-62 Piloted Simulator Requirements for Effsctive Research
Develogment, and Training _mgj
To synthesize the available information on physiologic
sensors, cues used in actual flight, and comparisons between flight and all classeq
of simulater in order to develop a rational approach to difining simulator require;
ments for a given vehicle and system.
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10-72-770-100-51-03-03  Advanced Iatczrated Display & Control Systems R
To cover increased overhead costs.
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77 HUMAN FACTORS SYSTEMS PROGRAM
770 Director of Biotechnology and Human Research
51 Physical Biology Sub-program

03 CONTROLS & OPERATIONS TASK AREA

2371-176-1¢3-51-03-03 Loterminalien of Pilst Dyramis Chorccteristes  —ULNC
. . . To study pilot's cynamic charactzristics under actual and
simutated flight conditions in order to find an objective ~easurement of poriorm-

- ance and & mathematical description of the pilot in man-maching systems.
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53 Life Support Sub-program
01 ATMOSPHERE CONTROL TASK AREA

10-72-770-100-53-01-01  Phetosyatactic €as Exchanger —Hegt

To use a photosynthetic gas exchanger in a scaled, mznned
capsule to canvert carbon dioxida into oxygen, and to recover and reuse non-carbon
dioxide wastes.
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21-77-710-103-52-0101  Hest Regulstica at Roduced Pressures —Amas

it is the objective of this task to determing the charac-
teristics of heat regulation at reduced atmospheric pressures. The investigation
will be performed in an environmental vacuum chamber. The chamber will provide
the means for radiative heat fosses frem an individual by varying tha chamber wall
temperature. Evaporative and convective cooling will be investigated under various
conditions of atmosphere circulation rates and humidity.
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23-11-770-103-53-0191  Developmant of Lifs Suppert Systems —iRC

To evaluate componants of a life support system, and
assess overall suitability of components as part of a total life support system.
Work is in progress on evaluation of CO, removal system and H,0 reclamation

system. Work with thess components will extend to complets systems.

zax Eerenater —Hdgt
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13T1-7IL1C5056162  Blsctroiyte Cxy

. To dosign, 1o
for removing water from the air and electro
sble oxygen.

EFFORY

Tosu Form 141 W rask ] I e Lo
niouse ’

Detes  lssve 7 l 6 2]['.'-‘" 4 l 6.3[5,,‘”

Talmer SIONE R_W JR [x T x

Comrw GEN _AMER TRANSPQRT il fLL

I -

Comcw GENERAL CYNAMICS __ Lot CONN

o™

Cwmcow RES SYST INC T MAS S

Twgens REPLA  [EX9, Prat 4, 8

osk Form 13 vty (ot lese H RT
Toma e 316230 3162 i rons Cont
T DEL DUCK ] | x

Cowmcr ELEGIRCGHEMIGA CCAmLs CAL

Y
1:;-“‘11" Prot B l‘ll .

:...:.smm NEW !

2117-770-103-5301-02  Razanerztive Chzractaristics of Adsorders Usad in En
vircnmeatal Coatrol Sjatsms —Amos
This study will basically evolve first a cetermiration of
the toxic elements in closed eavironmentsi systems. Methcds of detecung these
elements will have to be devised. At this time tha study will proceed into the

acsorbers which will best remove these toxic elements. The study will also
investigate the effects that heat, vacuum and package configuration have aon
these adsorbers.
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23-77-778-100-53-0102 Intezrated Advarnced Lits Supjort System . {‘

Perform the advanced research and technology required |
in the proof of concept of an advanced life support system that incluces .2 i
following aspects: environmental and atmospheric caatrol, food and water, and
hygienic and sanitation criteria. (\
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10-73-770:100-53-01-03  Parameters Essential for Mazaed Flight Cjeratica ‘Hd“i
To investigate parameters essent.dl for Manned Flighx{

Operation. (Elevated CO, concenlration, water loss of maa, etfects of 100% 0,,;
gas rate of exchange in a sealed space cabin, §a% comatograshy, ansiysis of

trace atmospheric contaminantsd, } ;
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21.77-775-103-53-0103  Closed Lite Szpzert ST*“.I 07“313l:5: ,S!J..u —mg
it Is the purpcse of this 1ok W pestum gptmig

. Tt LT d L3 b 3 .

studies on life suppert systems. Evaluation will te v:-.ck . ,.:0;: Suratiy

- rcilalalol Wi », e

system weights, and power requirements. Considerais 4 Chemig
and biological means of life support manazement

|
|
phase of determining the regenerative characteristics of chemcal and ciher f
\
i
\
|
|
\
|
|

|
J
|



B il 716205 716200t 1 | Wil
Tun.Rey, RYMAN E G | x|
Tesk Srevs NE W :L‘YJ" Peot 1 lTn 2

10-77-770-100-53-01-04 Intecrated Humzn Maintenance Subsystem ~—fgt

The contractor will design, fabricate and test the following

complete environmental subsystem in a Humidity and temperature controlled

~ chamber: 1) Respirator System; 2) Waste handling system; 3) water recovery system;
4) food supply; 5) wash water system.
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21-77-7T70-160-530104 Ef:cts of Hizh Oxygcem Tassions om Central Karvous
System —Aies

To study the effects of high oxygen tensions on the
central nervous system by studying the effects of 0, on the structure of cell and
tissue membranes.
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10-77-770-100-53-0105 €O, Recuction System —sigt

Contractor will design, fabricate and operate an open
cycle carbon dioxide reduction unit.
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10-77-770-100-53-61-08 Use of Czonidas for Alr Revitalizatioa —Hdgt

Contractor will optimize the processes for the synthesis
of low molecular weight alkali metal ozonides zs to purity, yield, and stability;
and shall conduct studies of the initiation and control of reactions between ozon-
ides and water vapor, thermal stabilities, and decompasition proaucts as well as
heats of reaction and melting point temperatures.
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16-77-770-103-53-01-07  Metallic Supcroxides ~—Hdgt

The contractor shall prepare design drawings of aa engi-
acering mocel micro-contractor that wiil utilize high density metailic superoxicas
to revitalize sealed cabin breathing atmospheres, and, after approval, will fabricate
2ad tost the system.

T e 8162 8162 1 [ el e
ol QRIS F B l [ x
G GENERAL _OYNAMICS__ e CONN
Tessiens NEW AR Peol . [m .

03 WASTE DISPOSAL TASK AREA

16-77-770-162-53-03-01  Bloelectrachemistry -—Hdg

. . . To study fundamental bic-electrochemistry (by Ford), a;
pliad bio-electrochemistry (by Magna), and to devalop a biochemical fuel cel
{marquardt).
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21-77-170-100-3302-01 Dasizn Caastruction and Test of aa Integratad Hma
Maiatoaance Sudsystea

To undertake a program of studies leading to the desigr
fabrication, and test of an integrated system capable of providing adequate lif
support for five men for a thirty-day period.
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10-71-770-180-53-65-63  Human Footors Disinstrumantslion —it 1072-775-105-53-67-02  Evaluctica of CoalrghDisplay Paramatars -l
1) Chronic and continusus messurement of Licod flow; Supplemental funding for BG-1893 o cover rising costs

. . ¢ ipitial = ¢ aram.

2) Chronic and continvous measurement of intraccidiac snd inteauzscuiar prescure; since iritial 2pproval of the program

3) Centinuous measursment of oxyZen saturction of srterial 2nd wensus biosd in
Intect sarta 2ad puimoacry artery; &) Implantation techaiques for reiiztaice to
time, vidrotion and gravilsticnal siresses.
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21-71-776-123-53-03-03  Ciclszical Dosizn Studics of ¥an —Ri8

A study of man in an extraterrestrial environment, con-
cerned with the system requirements for the optimum spacecraft configuration
design which will insure the safety and continued contribution of man to extra-
terrestrial and space explorations.
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07 PERSONNEL EQUIPMENT TASK AREA

10-77-773-183-63-07-01  Evaluation of Contrel Display Parameters ~Hdgt

An evaluation of control display parameters by measures
of human performance during positive transverse acceleration will be made by
mezns of experiments an the human centrifuge and the simulation of flight control
Gisplay dynamics using analog techniques.
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26-717-179-103-530701  Losearch on Self-Poscercd Mitabslic Systex -8

Develop 2n ultralicatweigat, seif-powered, miniaturized
end parsonalized metabsiic svstem to zaciyze 2nd control the ILies which maa
WOTking in zerospcce environmants requircs to mater his intzke and mossure
wonlitatively his inspircd cad expired respiratory gases as well as indicate
omitcelly the supply of these gases. Stuly requirements for sach a system
il be cocemnlished pricr 1o a contrect for eguipmeat. This will be coordinated
with KQ. prior to relcase of contracts.
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87 BIOSCIENCE PROGRAM
870 Dircctor of Bioscience Programs
52 Behavioral Biology Sub-program

01 EFFECYS OF THE SFACE ENVIRONMENT ON BEHAVIOR TASK AREA
21-87-870-160-52-01-01 Cehevioral ETacts of RNotztica 2nd Accolerction  —Amos

This task will include exploratory experiments on the
effects of prolonged expasure to rotation and acceleration on behavioral functions
of infra-human organisms.
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21-87-870-100-52-01-82 Maurcendrocrinafesical 2spocts of the Intorrslctionshiss
?ﬁw‘;’:w Biglagical Rhytams aad tho Stresses of Space

izt m2g

(1) To establish normal patteras of rhythms such as body

temperature, voluntary running activity, osmolerity of urine, and the estrous cycle
in female rats and then subject these animals to physical stress {centrifugation,
vibration, heat and cold, etc). Tha effect of stress on the rhythms and the adility
of the rhythms to adapt to chronic stress will be studied. (2) To investizate the

effect of disturbed rhylhms on survivel and health of such animals as rats and
monkeys. This will consist of determinations of blood corticoids, blocd glucose,
eosinaphiles, electrolytes, etc.
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02 NEUROLOGICAL & BIOCHEMICAL BASES OF BERAVIOR TASK AREA
21-87-870-1C0-52-02-01 Physiolacy of Vestitular Nulceus —Ames

The vcstibular nucleus has anatomical connections with
structures coacerned with varicd actions both zutonomic and voluntary. ln the
autonomic realm it has —bera to the nucleus of the vagus, the Edinger Westphal,
the reticular substance, the archicerebellum, the limbic system, efc. Stimulatica
techniques will help to map out these connections and its actions. Information

cbtained from these experiments is basic for the evaluation of the infiuence of
moticn-stress in space fiizhts on the central mervous system, with particular
teference to motion sickness.
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21-87-870-109-52:02-82 “Ecd Points™ In Neurs! Orgenizstion —A10s

. To provida new zrnd improved madels of newral mackanisms
controlling posture and locamotion necessary for the dasign of meaningful paysio-
legical experiments.
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21.87-870-153-5202L3  Vesiibular Braln Machanisms —Ames

To analyze the CHS puihways which project upon the
vestibular system and other anatomical substrata of functionally related brain
mechanisms.
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21-87-870-160-52-0204 Biochemical-Lizetsizal Interrelationships i Simple Bicleg-
ical Iatormation Steraze Systems —hmes
Methods will be Cevised to implant microelectredes into
planaria ganglia, either in vivo or in vitro. Tha eifects of stimulation of a variety
of types on the ability of these structures to incorporate and metaboliza radio-
active precursors of the nucleic acids and proteins will be determined. In addition,

the effects of stimulation on utilization of energy rich compounds will be ceter-
mined. (Ultimately, the enzymatic systems involved will be isolated and character-
ized).
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03 BIOLOGICAL INFORMATION, CONTROL, & COMMUNICATION
SYSTEMS YASK AREA
10-87-370-100-52-0303 Support of A Computer Yechnolagy Center for Research
—Hdgt

on IKNC Computers
To do research and development on MNC computers.
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04 EXPERIMENTAL ANALYSIS OF BEHAVIOR TASK AREA

21-87-870-100-52-G4-01  Learning and Discrimiaation of Probability Scheduls
—Ames

To investigate the capabilities of subhuman animals in

functioning as statistical analyzers when confronted with a cheice situation
where one of a number of alternatives may be correct. Which alternative is
correct varies from trial to trial according to precetermined probabdility schedules.
The demand on the orzanism in estimating which of the alternatives will be
correct is twofold. He must combine the information received in the outcomes of

his previcus trials in such a menner es o arrive at a useful average value for
ezch aiternctive. Secondly, on any ore trizl he must make a decision based
on these zveraze veiues derived from previous experience. In performing this
task, the animal is thus being ssked to act as a computer, i.e. t0 integrate over
previous outcomes. This type of behavior represents a direct and empirical
attempt to coiain insight iato how cybernetics principles can be applied to the

stugy of benavior, and the close resembdlance it tears to actual an-flight per-
formance dimends on human operators. la arriving at this average value the

operator must function as a probability statistic, the same as the animal is asked
to ¢o in the expenmanial situation. It will be important to first of all establish
the techniques znd methodslogy for prescnting this predlem so that the under.
lying varicies caa be cnalyzed quantitatively and varicd in as controlled a way
as possidie. Once this copaiility has been achicved it will be possible to investigate
some aspects of this process which have until now gone untouched.
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21-87-970-100-52-04-02 Environmental Datermincatc of Dohavier —Amcs

The purpose of this rcsearch wiil be to investicate the
effects of temperzivre and humidity zs paramentric determinants of Sehevicral
furctions. The discrimincting and reinforcing functions of temperzture and hue
midity will be exglored. In addition the optimal temperature/humidity ranges for
various behavioral functions wili be determinad.
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10-87-870-160-52-04-03  Circacian Rbythms in Kan Undar Controlled Envirsnmentsl
Ceaditions —ildgt
The investigation in man of circadian rhythms and zeit

gaber stimulation.
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21-87-870-100-5204-03 Control of Complex Behavior in Infrahuzan OrzinAisms
mes

To extend experimental control over a total primate be-
havioral repertory. The task involves providing all requirements for maintenance of
stable behavior in one or two subjects confined in a small chamber for periods
of one year or more,

BT 7 162[ TUE2RNET 1 | e G
e WE 1 SSMAN N [x T x
Covwe NOT_ REPORTED Trcove

Tosk Srarn NEW AR Prot 1, lm 2

21-87-870-100-5204-05 Develspment of as Empirical Caleulus of Reinforcemaat
Vaee —Anes
The aim of this resecrch program will b2 to develop
techniques and procecures to calibrate reinforces. Schecules of reinforcement,
amount, and duration of reinforcement, as well &3 the nature of the reinforcer
itscif, will be manipulated. A study will be maca of the wzy in wkich thse varis

ables effect a quantitative index of relative reiaforcement velue previcusly

avent H T 1 1 ! i i
caveloped by the prinsipa! investigated. Paramalric stucies of sciccted experie
mental variables will be mada,
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54 Environmental Biolegy Sub-program
01 DEVZLOPMENT OF EXPERIMENTS FOR STUDIES OF SPACE FLIGHT
ENVIRONMENTAL EFFECTS ON ORGANISMS TASK AREA

10-87-870-100-54-0103  Study on Effact of Waightiessnass oa th:yn_:.‘ﬁ

To determine the effect of weightlessness on photosy
thesis of Chlorella alzae. This is related to use of a photosynthetic gas exchang
system in space travel and stations.
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10-87-870-100-54-01-04 Progzram of Raszarch in Space Ganetics -H3:

To determine the effects of space radiation on mutatic
of Neurospora fungi. Flight experiments will better define the biological effects
space radiation.
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33-87-870-100-54-01-04  Tissus Equivalent Bosimater Feasibility Study -}

To develcp a lightweight, reliable dosimeter for use ¢
space probes to study the radiation hazard to manned space flight. At prese
it is felt that a possible system would use a plastic scintillator with suitabl
output circuitry. Other systems will be studied.
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87 BIOSCIENCE PROGRAM N
870 Director of Bioscience Programs
54 Environmental Biology Sub-progrom

Index —~Hdgqt
To study the feasibility of recording the intensity of
funga! fuminescence as a reliable index in space biological studies.

b 10-87-870-100-54-01-05  Study of the Use of Fungal Luminoscence &3 a Physialog
4 cal
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-] 21-87-870-100-54-01-05  Instrumentation of Small Animais for Raziztion Demon
413

. To develop new techniques whereby enimals can be
instrumented for the detection of administered isotopes.
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10-87-870-100-54-01-08  Growth Patterns of Plants in tha Absancs ef Gravity !—ﬂ::?t

To determine the effects of zero gravity on the growth
patterns and movements of plants. This will develop into flight experiments of
sffects of 0 g on plant morphogenesis.
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3 10-87-870-100-54-61-07  Life Sclences Instrumentation ~—Hdgt
R/ Research into effective measurement, systems and system

concepts for immediate application in circadian rhythm studies with small mam-
mals and Drosophila and for future application as needed.
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10-87870-100-54-0108 A Vorkship on Biotetemotry —Hdqt

- Yo suppart a workshop on biotelemetry so that biological
scientists can be given better insight into uses of this type of instrumentation.
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02 GROUND STUDIES OF SPACE FLIGHT ENVIRONMENTAL EFFECTS
ON ORGANISALS TASK AREA

21-87-870-100-54-02-01 Effects of Low Mzaznetic Fields on Living Material —Ames
To study the effects of controlled magnetic fields fower
than the earth's mazaetic field on: (a) survival; (b} growth; and (c) metabolism.
The ultimate objective is to have no magnetic field. A laboratory space will have
the earth's magnetic field shieided out by seif-regulating Helmholtz coils, so that
magnetic fields down to 104 to 10-5 gauss will be available. Sgecial non-magnetic
microscopes and instruments will be used so as to introduce no extraneous

magnetic fields into this environment. Long and short-term measurements will
be made. Plant material will be used {such 25 the fungus Phycomyces), micro-
organisms such as the amos and other protozoa, and developing embryonic mate-
rial such as the sea urchin and egg. Higher animals such as the mouse will also
be studied in such an environment for physiological effects or changes in
rhythmicity.
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10-87-670-100-54-02-02 Effects of Very Strong Magznetic Fields and of Magnet
Field-free Eavironments on Animals and Maa —Hdqt

. To study the effects of high and low magnetic fields on
animals and human beings.
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21-87-870-100-54-0202 Amelioration of Radiation Effects By Dietary Control—Ames

Exposure to sub-lethal doses of ionizing radiation resuit
in changes in excitability of the Central Nervous System. Earlier studies have
shown that single exposures to 250 or 500 result in a decreased threshold for
electrically induced convulsions, Pre-feeding diets high in carbohydrate aggravated
the symptoms; pre-feeding a diet high in protein tended to reduce the distortions.

Contractor shali eanduct tests with a view towards determining the relationships
between nutriticna! status, age, sex, and chronic and acute exposures to sub-
lethal doses of ioniing radiation.
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21-87-870-100-54-£3-33  Effect of Kigh {Magnetic Field on Living Material —Ames

To study the effects of controlled magnetic fields (normal
to 30,600 gauss! mm: (a) survival; (b} growth; and (c} metabolism. The emphasis is
on controlled carizicns and analysis of response. Developing embryonic material
will be stressec. lambination of factors (gravity, light, radiation, etc.) will be used,
The sea urchin £;7 and the fungus Phycomyces will be used primarily. Both short
and long-term exusures will be made in a carefullycontrelled environment. The
temperature betviian the poles of the magnet will be carefully controlled as will

the light source. Szecial {(non-magnetic) microscopes are being constructed for
use between the rues of the magnet, so that the material may be observed whils
in the magnetic fwd.
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21-87-870-100-54-0205 Rzdistion Protection by Alteration of 8.1 Function —Amas

Breakdown in cell permeability, massive hemorrhaging,
and invasion of the body by intestinal bacteria is an earlier sequel to radiation,
exposure. Studies with animals have shown that increasing the mass of intestinal
mucoca by pre-feeding a diet high in bulk {roughage or inert clay) protects against
the “intestinal phase” of rzdiation deaths and increases the tolerance to lethal
exposures by a factor of 15 percent. Further studies are required to evaluate
more fully the protective changes associated with proliferation of the intestinal

mucosa. Contractor shall conduct studies with a view towards determining the
relationship between gastro-intestinal function and radiation effects. Studies shall
include tests of digestion and absorption of foods and the secretory function of
the digestive tract sll in relationship to radiation protection,
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21-87-870-103-5402L8 Study Lernzterm Effects of Low E-loadicg en Plants—Amas

To study the effects of 1-10 G's in a specially constructed
centrifuze on (a) viability, (b} gross morpholoa, {c) reproducibility, (d metabolism,
and (e) growth. The fungus Phycomyces will be used because of its demonstrated
fravity sensitivity. It has also been demonstrated to have a great sersitivity to
ight and radiation so that it will be used in studying combination effects. Gener-
ations of Phycomyces and other plants will be raided in the centrifuge to study
adaptations to this environment.
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10-67-870-100-54-02-07 Resczrch on Pathogen Fres Plants in a Klicrocosm & om
the Efiect of Hizh Intensity Light on Plant Growth —Hd5t

To study the effects of high light intensity on phato-
synthesis and methods for decontamination and growth of pathogen free plants.
This work is related to gas exchangers and food supply systems in space travel.
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21.87-810-100.54.02-08 Study longterm Effects of Low G-loaling on Single-
celicd Systems —hnes
To study the effects of 1-10 G's in a specially constructed
centrifuge on: (a) visbility, (b) gross morphology, (¢} reproducibility, (4 metabolism,
and (e} rhymicity. Effects of combinations of such things as light, temperature,
atmospheric pressure, etc. will be studied in combination with G-loading. Develop-

ing embryonic systems such as the froz ezz end sea urchin egg will be used, as
well as protozea such as amoeba and paramecium. Organisms with known grave
tational responss {frog egg) will ba stressed.
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21-87-370-100-54-02-09 Study ths Direct Efiscts of Alpha Particle Radiation on
the Rat 8rala —Ames
Studg of the direct effects of irradiation with Alpha
particles from tha 60 Inch Berkeley cyclotron on the metabolism of the brain.
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10-87-870-100-54-02-10 Individualizad, Chemically-Defiaed Dists in Life Support
Systems During Spacs Flight ~Hdqt

The objectives of this research is to study dietary re-
quirements of man and using man as a test animal, employing water-soluble,
chemically-defined diets.
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21-87-870-100-54-02-10 Biological Effects of Ground Based lcalzing Radlation
X-rays) —Ames

Search for new methods for detection of radiation injury

" at the histochemical level. Befors the damage can ba detected by morphological

alterations of the tissue elements.

e e 716200 7162F0" 1 | il
Teme, MIGUEL J | x |
‘Gomew NOT. REPORTED G

Teusens NEW e Pred L[ 2




87 BIOSCIENCE PROGRAM
870 Director of Bjoscience Progrems
54 Environmental Biology Sub-program

02 GROUND STUDIES OF SPACE FUGHT ENVIRONMENTAL EFFECTS

10-87-870-100-54-02-11 Yo Investicate the Use of Perognathus 2s An Expsrimental
Orgeaism for Space Blology Rescanch 24
To study the %ossihilitics of using perognathus as an
snimal for research In syace biology. The pocket mouse has been used as an
indicator of the biological fate of radio active resicues in areas adi'acent to the
Nevada test site and 2dditionel studies have endarsed the initial use of the
pocket mouse for biological research in space.
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21-87-870-103-54-02-11  Effects of Simulated Extraterrcstrial Comdltlons o So-
mztic Mitosls and/cr Kutation Rate —fas

To develop basls for prediction of effects of extraterres-
trial conditions on somatic mitosis and/or mutation rate, using morpholegic and
quantitative chemical observations on the genctic material of avian and mammalion
cells, from experimentally prepared animals.
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10-87-870-100-54-0212 Freezing and Dryirg of Living Cells —Higt

Investigation of hypothermia for an understanding of the
mechanism by which it Injures living cells. .
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Effact of Space Voyzcs Stress on Symibatic Mstobolie
Processes —hiils
The purpose of this task is to determine whether the

21-87-870-103-54-02-12

- stresses inosed by space voyages (G-forces, weightlessness, vibration) on ex-

perimuatai anim~'s (rats, rabbits, monkeys, dogs) have an efiect upon the synthetic
met25olic activily of isolated orgens and tissucs. Tissues such as a liver will ba
removed from sires. d animals so that their metabolic activity can be assessed
by in vitro techniques.
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10-87-870-160-54-02-13 Intordisciplinary Stucies of the ENfects of Spacs Exviroe-
ricnts on Ciological Sysiems ~H gt
.. To conduct research into effects of altitude, rare gases,

exirridiation and assimilated space conditions on biclogical systems.
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21-87-870-160-54-02-13 Nucleatide varlations of certaln tissues Ia Respoass to

Some Environmantal Alterations —Amas

To assay for acid soluble nucleotides (high energy com-
pounds) in selected tissues of the animal body and thus determine the fevel and
distribution of the high energy phosphate compounds adenosine mono-, di-, and
tri-, phosphates which are intimately concerned with energy metabolism. After
baselines heve been established, dynamic changes in these compounds will be
followed curing different environmental alterations.
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10-87-870-100-54-02-14 Blolsgical Effect of Chronic Exposurs to Astificlal Atmos.
pheres —Hdgt
Investigation of the effects of prolonged exposure o

small mammals to closed gaseous environments low in nitrogen. )
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21-87-870-100-54-02-14 Proteln Synthesis of Different Tissues of the Rat |
Response to Varlous Corticoids ~—dme
To see if tissues of the body demonstrats 2 polyphasi
response to adreno-corticoids as has been shown for liver when protein synthesi
is used as the means of evaiuation. As a consequence the stress situation can b
better defined with respect to this parameter.
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10-87-870-160-54-02-15 Development of a Superior Diet for Man Is Spxce —H4

The cbjective of this contract is to experiment wil
chemically-defined diets which includs essential and non-es;emial L Amino acic
and various other necessary components (in vitamins, mu_xeuls, carbohydrate
fats, etc). These diets will be developed in conjunction with the City of Ho
Medical Center, Duarte, California.
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21-87-870-100-54-02-15 Reertzenczrantic Estimation of Bore Age In ths Cyno-

molgus Morkey —ATsS
. To determine by x-ray glates, the time of appearznce of
ossification centers and time of closure of epiphyseal plates in cynamalgus mon
keys of known age. The analysis of this data will subscquently be used to estimate
ages of captured monkeys to be subsequently used In space biological research
programs.
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21-87-870-100-54-02-16  Effects of Simulated Extraterrestial Conditions on Immuse
Machznisms —Ames
To determine effects of high energy irradiation, coid and
hypoxia on the two major modalities of acquired immune response.
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21-87-870-103-54-02-17 Enclosurs Monitoring of Fibrinolysis ~Ames

Yo dstermine the mechanism of activation of plasminogen
(thereby leading to fibrinolysis and hemorrhagic tendencies) in blood during the
physiological and psychological stresses encountered in the course of space
exploration; with particular reference to possible control by the endocrine systems
and nervous systems. )
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63 BIOLOGICAL ANALYSIS OF TERRESTRIAL ENVIRONMENTAL
EXTREMES TASK AREA

10-87-870-100-54-0381 Support of Vhite Mountzin Alpine Ressarch Statlon &
Study of the Physiclogy of Ratura! Righ Altitude Hider-
nating Animals —Hdgt

Detailed physiological studies of the basic mechanisms
Involved in inducing, maintaining, and terminating hibernation in high altitude
fhatural hibernators. Study of animals and human respiratory, cardiovascular, and

mrmba abemialaniant abodl Iubinn ba afiante af hickh aldiboda hick aiboadalad

Nﬁh0~ppy§iological studies in relation to effects of high altitude, high ultraviclet
and radiation and other environmental factors. Studies on photosynthesis «id
other processes in alpine plants in relation to studies with planetary simulation.
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04 EFFECTS OF SIMULATED EXTRATERRESTRIAL ENVIRONMENTS ON

EARTH ORGANISMS TASK AREA

21-87-870-100-54.04-02 Eficcts of Simulated Planetary Environmest on Earth |

Organisms ~—Ames

To stimulate as accurate'y as possible the environments of |
planets of interest (Mars and Venus), and to study the effects of such environ-:
ments on: () survival, (b} adaptation, (¢) metabolism, and {(d) growth. Micro-
organisms (bacteria, fungl, lichens, algae) from extreme environmental conditions |
(desert, mountain tops, high salinity waters, polar caps, stc) on earth will be
studied. These will be introduced into a chamber and maintained as such environ-

mental extremas as will be encountered on Mars, for example (—100° C to +30°
C; 0.1 atmosphere, no axygen, high U.Y., less than 1% H,0, etc). Acaptation of
organisms to such environments should yield Information as to what types of
organisms and metabolic pathways may be sought on extraterrestrial bodies.
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10-87-870-1C0-54-04-03  Biochemical Activities of Terrestrlal Micrsorganlsms in
Simuylated Planstary Environmaats —Hdgl

To study the growth and biochemical activities of terres-
trial microorganisms under some of the conditions imposed by primitive and con-
temporary environments of the terrestrial planets.
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10-87-870-1C0-5404-04 Rasearch on Uife In Extraterrestrial Envirosrants —!;dj

To determine the types of earth organisms which ¢
grow and reproduce in simulated Martian environmental conditions.
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87 BIOSCIENCE PROGRAM
870 Director of Bioscience Programs
$4 Environmental Biology Sub-program

04 EFFECTS OF SIMULATED EXTYRATERRESTRIAL ENVIRONMINTS ON

10-87-870-100-54-04-05 Effects of Very Strong Msanctic Flalds and of Hotnot
Field-free Environments ea Animazls 2ad Liza —uigt

To study the effects of high and low magnctic fields on

_ snimals and human beings.
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03 STUDIZS OF BIOLOGICAL MATERIALS & SYSTEMS POR USE IN
SPACE YASK ARZA

10-87-870-100-34-05-01 Physlological Effacts of Walzhtiessnoss acd Spzce Radl-
atlons on Hibernators —Hdgt

To determine the effect of space radiation and zero G

" on hibemating animals. This work may lead ultimately to induced use of hibaznation

of sstronauts for protection against radiation,
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21-81-870-100-54-05«08 Incorporation and Het:.hollsm of Nitrogen by _P;:nts
3

A study of the processes and pathways of nitrogen in-

corparation, fixation, and metabolism by plants will be the fundamental objectives
of this study. The incorporation and metabolism of inorganic and organic nitro-
geneus compounds by plants are influenced by the amount and form in which

" they are availaple. The principles of growth and development due to nitrogen will

be Investigated. Conservation, utilization and recycling of human metabolic prod-

ucts in a closed environment, 2s In the ecosystem of orbital station or manned

bases, relate to this field of study.
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21-87-879-100-54-05-07 Cnmparatlve Effocts of Protens and Xrays oa Intastinal
Injury and Racovery in the Rat, Dog, Guinaa Plg, and Hi
bernating Mammals —Ameg
To comparae the effects of protons and X-rays on intestinal

Injury and recovery in the rat, dog, gulnea plg, and hibernating mammals.
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10-87-870-100-54-05-08 Support of White Mountain Alpine Research Station &
Study of tha Payslology of Katural High Altitude Hiber-
nating Animals -—Hdgqt

Detalled physiological studies of the basic mechanisms
involved in inducing, maintaining, and terminating hibernation in high altitude
natural hibernators. Study of ‘animals and human respiratory, cardiovascular, and

psycho-physiological studies in relation to effects of high altitude, high ultraviolet
and radiation and other environmental factors. Studies on photosynthesis and
other processes in alpine plants in relation to studies with planetary simulation.
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10-81-870 100-54-05-11 Utilization of Bio-electric Potentials —Hdqt

To™ demonstrate the feasibility of utilizing "bioelectrical
potentials as a primary power source for implanted electronic devices.

.
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10-87-870-100-54-0507 Plant Leaves for the Production of Oxyges In a Clossd
System —4dgt
Yo determine the potentiality of using vascular plants
lnstead of aquatic algae for oxygen production and carbon dioxide utilization for
8 &5 exchanger, and also for food production.

55 Exobiology Sub-program
01 EVOLUTIONARY & THEORETICAL BIOLOGY TASK AREA

10-87-870-100-55-01-01  Studies of Extremely small seif-replicating Systems—Hdqgt

To obtaln detailed knowledge of cell systems at the
extreme limit of small size, i.e., 0.2 microns (1/5 the size of average microorgan-
lsms). The observations made will be helpful in determining criteria for what
constitutes a living system.
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10-87-870-100-5501-03  Studies on the Hill Raaction Activity ef Solubla Chisro.
plast Extracts —Hdgt

) To characterize photo-chemically active extracts of chioro-
plast, to define the components required in the photoactive system and to learn
the role of each in the energy transfer process.

1-57-872-100-550108 M!crasﬁcctrop‘.:'éié‘r‘:aat}—y” of Pigments & Orgazle mofe_céﬂes
dqt

Yo develop and utilize microspectrophotometric instru-

1 mentation for the study of pigments and organic molecujes within living cells,
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10-87-870-100-55-01-04 HMolecular Evolution —Hdgt

To produce for the first time “protobiological” systems

or preceliular chemical systems incapable of reproduction but which may carry out

relatively complex metabolic reactions. Materials containing iron or zinc will bs

" Introduced into Miller type mixtures in order to make the above required metallo-
organic catalysts a possibility. .
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21-87-870-100-55-01-04 Synthesis of Protein Micresgheres to Serve as A Cell
Jodal for Research on tha Orizin of Life, ele.  —Ames

X Synthesis of high molecular weight polypeptide molecules,
which on proper treatment gives rise to formed spheres which have many of the
&mp_emes of cells. Attempt to improve the composition of these microspheres
y incorporation of lipid, poly-saecaride and other complex molecules) in order
to make them more and more cell-like, with the ultimate sim of constructing a
self-replicating functional unit. Study of primitive earth and extraterrestrizi en-

vironmental variables {such as gassous composition and pressure, moisture content,
temperature, chemical composition, radiation, etc) on such synthasis. The use of
such cells or cell models to study bioorganic evolution and the origin of life oa
earth and elsewhare in the universe.
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Chamistry of Formotlon of Elologically-significant Mole-
culas Under Primitive Earth and Extraterrestrial Conditisns

~Ames
To study the synthesis of biologically-significant molecules
under conditions which may have prevailed on the primitive earth or some other
plenet. To determine possible pathways of chemical evolution along which life
could have arisen.

21-87-870-100-5501-08
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21-87-870-103-55-0107 Properties of Monolayers of Cell Membrans Components
at Liquid Interfxces ~Amss
To increass the understanding of the type of interaction
between various organlc compounds, known o be part of cell membranes, within
& monolayer and their interaction with the adjacent liquid phases.
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2187-870-100-55-01-08  Physico-Chemical Propertiss of Artificlal Multilaysr Systems
~Ames

This study is aimed at the problem of transformation of

radiant energy into chemical or electrical energy as exemplified, for example, by
the lamellated structure of the chloroplast.

T tke 7 162[0 T 16ZRTT T | i
Tenrp TRURNTT H J % ]
-Tuhsunu NEW [:Yn‘eu Prot 1' lT.l ].

1

(

1

I
f

|

|

10-87-870-100-55-01-10 Dynamic Systems Responmse of the Performanca Charas
teristics of Soms Kajar Biaphysical Systams of Interes

~—Hdg|

Study of the physical modeling analysis of the mathJ
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87 BIOSCIENCE PROGRAM
870 Director of Bioscience Programs
55 Exobiology Sub-program

01 EVOLUTIONARY & THEORETICAL BIOLOGY TASK AREA

21-87-870-100-55-01-10 Effacts of Extraterrestrial Conditions on tho Mstabalism
of Tissus Maintained in Cuiture ~—fimes
Methods will be developed to mzintain human and animal
brain tissue in long-term cultures in vitro and these cultures will be used to assess
the effects of conditions which exist in space on their metabolism. Radioactively
Iabeled precursors of the nucleic acids ard proteing of the tissues will be in-

cubated over prolonged periods and such factors as high magnetic fields, electro-
statlc fields, gravitational force and the like will be altered. The effects of these
forces in combination with various drugs will alse be examined.
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10-87-870-103-55-01-11  1iolccular Energstics —Higt

To study caliremetry of enzyme-cosnzyme substrate in-
teractions and dehydrogenase Systems and calloremetry of primary steps in photo
synthetic carbon dicxide assimilation,
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21-87-870-100-55-01-11 Factors Controlilng the Formation of Hersditary Hmrla!:

These studies are forerunners to studies of life forms on
extraterrestrial bodies in order to understand some of the basic mechanisms in-
volved in the transmittal of hereditary traits from parent to progeny.

e e 7 1620 7] 62} I ] tnHouss " Cane
Tae= NOT. REPORTED [ x | x
D A - -

Commee NOT_ REPORTED Lycanen

Teasuns NEW e Prot 15w 2
10-87-870-100-5501-13 Organic Cosmochemistry —Hdqt

Yo synthesize purines and pyrimidines under possible
primitive earth conditions. This is a part of NASA's overall program in evolutionary
2nd theoretical biology aimed at the recapitulation of major chemical events in
the origia of life.
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21-87-870-1£2-5501-13 A Studr of tlclscular Shructures and Reections Occurring

In Blalogical Systems . Irradlated with Ultraviclet Light

—hmes

The mechanism of action of ultraviolet light (UV) on living

systems is of spccial interest in those environments, such 'as on Mars, where the

UVﬂux is probably quita high, of special Intarest are those bislegical eystems
which can partially reverse these effects. it is proposed that these be studied.
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10-87-870-100-65-01-14 Space Biosclence Instituts ~Hdgt

To conduct experiments on the origin of life, mclecular
evolution, models of Mars and Venus, prepare for analysis of returned samples,
develop concepts for detection of life, participate in biological satellits experi-
ments.
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21-87-870-109-55-01-14  Study of Smallsst Replicating Units of Hersdity —Amas
Yo determine the chemical character of, the physical

structure of, the mode of replication of, and the mechanism of action of bacterial

episomes, the smallest known independently replicating genetic units.
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10-87-370-108-5501-15  Primaval Synthesis of Porphine-liks Substacces’ ~-Hdgt
. To synthesize under primitive earth conditions porphine-
like substances. Pyrrole and atdehydes will be used as beginning materials and
uitra-violet and electrical discharges as a source of energy. .
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21-87-870-1C0-5501-15  The Mechanism of Radiatisn-lnduced Dalay of Celi Divisicn

—Ames

. These studies are important preliminaries to studying the

effects of the radiations of outer space on cell division. Cell divisicn is absolutely

required for the proper function of such vital orzans as bone marrow, intastina)

epitholium 2nd skin, and the action of space radiation on cell division must be
Better uncerstcod before long-rangs space trips can be undertaken by man.
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. 21-87-870-100-55-01-18  Rsdiaticn Effects on Photosynthatic Organisms  —Ames

To determine the effects of intense visible light, and
ultraviolet light on the photosynthesis and loss of cellular cemponents by photo-
synthetic organisms. Such stucies to be extended to ionizing radiation if possible,
To datermine environmental extremes (terrestrial and extraterrestrial) suitable for
phcttosynthes:s. To determing possible mechenisms of origin of photosynthetic
systems.

10-87-870-160-55-01-19  Evolution of Enzymes on Nuclele Acids —Hiézt

To study the course of evolution of such enzymes 23
factic, malic, glutamic, 25 well as other pyrimidine nucleotice linked dehydro-
genases and DNA from the most primitive to the most advanced organisms.
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21-87-870-100-5501-17 - Lipid Involvement in Photosynthesls —Ames

The objective of this program is: (1) to isolate and
chemically characterize the lipid components of organefles which carry on the
photosynthesis process; (2) to determine the chemical and physical properties of
these lipids as a basis for their involvement in the structures (iamellar) observed
in chloroplastic by electron microscopy; (3) to determine the enzymic mechanisms
responsible for the anabolic and catabolic reactions of these lipids and their
possibie participation directly in the photosynthesis process; (4) to study the

conjugation of these lipids with proteins 2s lipoproteins_or proteolipids and thelr
role in the structure and function of the chloroplast. To determine the role of
photosynthesis in extraterrestrial as well as terrestrial situations.
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10-87-870-100-55-01-18 Reflection Spectra, Meteorits Analysis and Chemical Evo-
lution ~Hdgt

. To study the nature of reflection spectra as a basis for
Interpretation of data on extraterrestrial life. To determine the structure and
amount of carbon compounds in meteorites, to study Pre-Cambrian rocks with
respect to the origin of life and the fate of terrestrial, biological residues and to
repeat Miller type experiments using UV energy, followed by identification of
resultant compounds by means of paper chromatography and mass spectrometry.
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21-87-870-100-5501-18 Structurs of Nuclele Acids of Viruses —Ames

. . In conjunction with investigations on the effects of radia-
tion on viruses, a more detailed study of the structure of ribonulcleic acid (RNA)
and deoxyribonucleic acid (DNA) of viruses will be pursued. It is anticipated that
this study, which shall procecd within the context of recent advences in defining
the genetic code, will provide information on the exact nature of radiation damage
to the genetic zppzratus. To develop methods for detection of nucleic zcids on
extraterrestrial bodics.
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10-87-870-100-5501-20 Physics of Celluiar Syntiesis, Growth and Division —~Hdg

To characterize a theoretical basis for the discretion ¢
the processes of synthesis growth and differentiation of a living cell. Research wi
be done into the effect of heat on bacterial kinetics, e.g., the effect of growin
E. coli at temperatures from 2 to 48 degrees C. on the division rate, uptake ¢
proline, alanine, glucose, uracil, T-32 and $-35, formation of betagalactosidaise an
uptake of thymine (‘or E. Coli 15 T). Rates of synthesis and pool sizes will b

measured. Special attention will ba given to the measurement ot activatic
energies In these processes and relation to reaction kinetics will be stresse
The effects of heat and radiation on the lipid spectrum of bacterial membrane
and the variztion of viscosity of call extracts and temperatures, the ditfusion «
invertase and ribosomes in E Coli cell extract and attempts to grow T-1 tha;
in cell free systems, and the relative time of synthesis of a particular gene.
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02 INSTRUMENTATION FOR DETECTION OF EXTRATERRESTRIAL LIFE &
LIFE-RELATED COMPOUNDS TASK AREA

10-87-870-100-55-02-01 Cytochemical Studics of Planstary Microorganisms —H:

To conduct research. design, and test a miniature b
chemical laboratory (“multivator™) for the detection and study of extraterrestr
life. Also, to study the feasibility of a vidicon microscope for the examination
partictes or bacteria morphologicaily with follow-up observations of the parti
in the field by spectrophotometry.
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10-67-870-100-55-02-02 Detection of Nicroorzanlsm on Other Planets  —H

To design a life detection device based upon change:
turbidity and pH produced by the growth of bacteria in culture media. This is
first life detection principle conceived in the U. S.

T il 116210k 11162 | | e G
T QUIMBY F H I i

TS el s & T
Cmwscr ROCHESTER UNIV OF Ji NY

Tesssons NE W AR Prol . lr.n




o

.

87 BiOSCIENCE PROGRA
870 Director of Bioscience Programs
55 Exobiology Sub-program

02 INSTRUMEINTATION FOR DETLCYION OF EXTRAYTERRESTRIAL LISE &
LIFC.-RELATED COMPOUNDS YASK AREA
33-87-870-103-550202 Enrymatic and Fluercmetric Techpigues —?L
To establish complete fiuormetric analytical procedures

for the cetermination of the nature and concentration of a wide range of bislogi
cally importznt compounds for later Mariner 3 missions.
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10-87-870-103-55-0203 Relicsotople Prebe for Extratermestrial Ui —Kist

. To design, develop, test and produce a prototype device
{og tll'ne'%eé,ecnon of extraterrestrial life by means of the metabolic production of
2belled CO,.
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33-87-870-100-55-02-03 Desert Microflora Py

To determine the interrelaticnships between the scil
environment and its indigenous microflora in preparation for the instrumentaticn
and design of extraterrestrial life detection experiments. To develop, by 1985,
a soil probe capable of measuring the chemical and biologizal properties of
planetary soils including soil water, gases, temperatures, microbial abundance and
other relevant bislogical parameters of the soil environment.
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10-37-870-100-550204 A Microccople system for blolezical rescarch  —Hdgt

. Research into design of a microscopic systam for bio-
logical work employing automatic photoelectric registration of cichroism, cptical
rolation, and phase retardiation due to refraction and bireiringeace.
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21-37-873-123-555245  Life Detection In Pianetary Modals and Simulators —Ames

To use planctery models and simulitors to estimats
those physical conditicns which have blological significance on planats. To deter-
mine the eficcts of these conditions on living systems and improve our capabilities
for iife deteciion under ihese conditions.
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33-57-870-100-5502.05 Blaloyy —E&as Chramatszraph —JPL

To stucy design, develop and test functional model of a
as chromatograph that will parform organic analysis of a solid Martian sample
or the specified purpesa of bidlogical detection,
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10-87-870-103-55-0263 Detection of Extraterrestrial Life by Optical Rotation—Hdgt

To detzrmine the feasibility of detecting extraterrestrial
life by means of rctary dispersion profile of pure DNA, including simpis optical
rotation in the 2600 Angstrom UY region.
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10-37-870-100-55 0207 Datection of Extraterrestrial Life by UV Sgecttirjiyyt
’ &

To develop a life detection concept based on the identi-
fication of the classical peptide bond which exhibits an extremely high specific
shsorption in the far ultraviolet (1850 Angstroms).
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10-87-370-150-5502-38  lud:stification of Organic Matter by Mass Spectm_rg‘e;ry

To detarmine the feasibility . identifying life relatsd
compounds by mzaas of thair mass spectrum.
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33-87-670-100-55-0205 Mars Biolggical Misrescope —2L

Development of breadboard model of Hars biolegical
mictescope includes special studies of problems assotiated with devslopment of
instrument. a. lenses used; b. micro illumination; ¢. sample collecting 2ad handling;
d. biological staining; e. auto focus mechanism.
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3357-870-1C3-554263  Eisiczy & Carton 14 —I?L

To help coordinate efierts of Resources Research, Inc,

to develop prototype end fizht hardware of Radicisotopic Biochemicai Probe for
Extraterrestriat Life Dotestion.
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10-67-870-180-85-02-10  Eelesticn of Extraterrestrial Life by “J” Bands —Higt
To determine the feesidility of detecting protein by
maezns of “J” band formalion—a color chanze procuced by interse absorplion of

- light in the visible spectrum when certain dyes resct with protain,
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33-87-870-160-5502-10 Instrumentation for Satsctlea of Extratomrcstrial Ufs &
Lifs Related Compaounds —iPL
Define methodology for performing several types of en-
Tyme analysis using fluorometric techniques in support of muitivator experimenter,
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21497-870-100.5502:12  Life Detection Sextses ~hmzs

. . To conceive, develop, and test Life Detection Devices for
use in the study of life on extraterrestrial bocies.
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$3-37-870-133-55-02-25  Exobieloyy Instrumeantatien —7
. Design, develooment, fabrication, and testing of sysi:—-
subsystems, and techniques which will permit delection of orzamic compounis
or orzanisms found in a planetary almosphere or on a planetary surface.
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33.07-870-160-55-02-23  Biolazy—{lars Nicrosceps -7t

. Design, develcpment, fabrication, and testing of systems,
subsystems, and teciniques which will permit cheervation and analysis of 073
compounds or organisms found in a planetary atmosphere or on a plaratary suricce.
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33-37-870-103-5502-39  Exobislozy Instrumentatica 7L

. Design, development, fabrication and testing of systeme,
subsystems, and techniques which will permit collection and analysis of organic
compcunds or organisms found ia a planetary atmosphare or on a planetary surfzca.
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87 BIOSCIENCE PAIOGRAM
870 Director of Bioscience Programs
55 Exobiology Sulb-program

03 SPECTROSCOPIC STUDIES OF PLANETARY ATIOSPHIRSS &
SURFACES TASK AREA

1908
—iile

10-87-£70-109-55-03-61 IR Plzactary Obscrectisns In tha Qels
(Berkeley) and Princeton). With the exception of the FY 63 $100,000 clive, the
Stratcscope {1 telescope is being lozned to the IR obscrvations with veibal
assurance that costs of repair will be covered in the event of subsianticl damage
during recovery.
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10-87-870-100-55-03-02 IR Planetery Gbservatory in the Stratosphere  —Bégt

To cobtain IR spectra of Mars and perhaps Venus (with
the moon as control} above the major portion of the earth's moisture-lzden atmos-
phere, Princeton University, under another grant, will provide a 36" telescope,
batloon, and operations.
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04 EXTRATERRESTRIAL SAMPLE COLLECTIGN & ANALYSIS TASK AREA

10-57-870-100-55-04-01  In-fiight Phetography and Recovery of Meteorites —Hdqt

. . To treck and recover metecrites by means of camera
triangulation stations scattered over 1,000,000 square kilometers in the Mid-
western US, including parts of Texas.

_in meteorites.
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21-81870-100-55-04-01  Provida Lzberatory znd Suiteble Tecknslomy for Detailed

Analysis of Raturncd Extroterrestidal Sampics —Auss

X To esteblish a central laboratory with the required special

esuipment and techniques to acquire, return, and analyze completcly, returned

exticierrestrial samples, from both a bicicgicu! and biochemical point of view.

quevelop special sampling and handling techniques and where necessary, analyti-
€2, echniques,

TasaFom 1s Caer Tarlas F i
Ceies lxu'.. 716 ?.Iiun 7 i 6 2};9,;;1 . | l InHEc.af-ORCmn
Tevfu, YOUNG R S 3
TeaStonws NE W z:fe" Prol S i'l'o' -1
23

/ ~Higt
ribution of micreorgan-

I .~ wAm oI N i Ytlapntiaa 7 ! - -
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s: wmesphere up to 90.600 feel. Preliminary resulls indicate that pig-
maited forms exist in unexpeciedly high numbers at 65,000 feet.
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10-37-870-105-85-04-63  Analyzis for Kydrecarbons In Nineral Azgregates —Hdgt

To develop 2nd zpply techniques to the analysis of rep-
resentative samoles of hydrocarbons preseat in low concentrations in terrestrial
mineral 2ggregaies.
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21-§7-670-163-55-04-03  Aualysis of Blo-cryaals Notsiials of Extratarrestrial Origln

—~hmas

The organic chemical analysis of meteoritic material to

investigate the origin of formed *“fossil-like” bodies found in such material. To

study orZanis compounds in metaorites, as to the possibiiity of living crigin, and

e compare such matedial to natural and syathetic compounds on earth. Msteorites

to be cbiained from existing collcctions (Dr. Calvin, the Smithsonian Institute)
and aiso from cailectivas cbiained from NASA centracts.
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10-87-870-100-55-04-04 Bisgaochemical Studles of Motoorites —Hdat
To cetermine the nature and origin of organic material

.
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§-37-073-iC3-S58+08  Davelopmeaat of ¥s3er Almosnhore Sampler —dst

To develop a means of sampling the micreorgenisms in
1 ctnaspacrs. To cocomplish maximum recovery from large
uir without the dansor of sigaificant contamination,

the upper terrestni
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,j' To cctermine the size, shase, number and acture of -
-4 - organized clements (“fessils™) in corbonzceous chondritis. lNocem chomical and
- optical teshniques will be employed with particular emphasis on preventicn of
centemination during preparatian and obzervation of the malerial
* 16-07-073-103-550562  Stonilizztizn of Spzsacralt —Hi
Sta Form 1% Siien S lie Yotk TFrORT tudies 2nd develnpment of methods for the decontamin.
- Moo e 1 1168230 1 1] 62,0 I mtioure” Zonn tion of spzcecraft with emphasis on levels of natural contamination in component
s and the utilization of ethylene oxide for surface sterilization.
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10--7-C75- 10355407 Fodrecerbea Amchzls Bz Botsctiza of Lifs P X
R i Yo conduct a survey of varicus natural lisids and the
lsolagicn (}f et;'.mia!elntﬂ campcundls fran; orgargsm: am{‘ sediments of difierent
enological azes, Including an analysis of their bioganically producad constitueats. .
genciogiesl &2 8 o0 Ena gameEty proe ' 10.07-373-150-505L8  Viatlity of Organisms I Simulated Space —He
e Form T o ok 55 Lo To determine the ability of microorganisms to survi
Detes lawe 1 1 16255 1116 2fyi’ ! IntHouse " Conte various combinations of freezing, ionizing radiation, dessication, UV, and spa
B ™ vacuum.
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10-87-870-163-5504-03  Ristaorits Studics —Hda
. isolation and identification of orgonic compounds in
3 meteorites by means of chromatographic, spectrophstometric technicues, bisiogical
2 stainingz, uv-fluorescence microscopy and possibly microspactroghotomatry. -
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s 2137870-163-0504-19  Isalztion of Viruses 2zd Cestedds —izeg
.. . Various systems and proceleres for the isclzdon of
i Vin{ses zrd bacteria from soil ard atmospheric samples will be ciamined o5 2
pre.uda to testing of extraterrestrial metericls.
ki Yok Fom 15 T T ie d ’
» "l 716200 7162f0 | | ekl G
Tenmie FLROMMHAGEN L H | x|
‘ Teabons NE W ‘1‘3" Prol 1, qun L .




—

91 MANNED SPACECRAFT SYSTINLS PROCRAN
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49 Human Porformance & Bohavior Sub-pregram

01 PERCEPTION TASK AREA

10-81-910-101-45-01-67 Human Enzinzering Desiza Criteria for Speee Systeins
—hdgt

. : Development of human engincering standards for use in
design and development of space vehicles and associated equipment,
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04 MAIKTAINING ASTAONAUT ALERTNESS TASK AREA
16-51-810-10142<5403  Liziataining Astroncut Alartiss 235t

. To define alertness operationally in terms of astronaut
task requirements, to develop methods and criteria for its measurement, and to

= develop methocs for its maintenznce during the critical aspects of fiizht missions.
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03 CONTROLS & OPERATIONS TASK AREA -

35-21-813-101-510391  tn-Gi ht Simulaticn for E:ha\;'iaral Studics —SC

To cevelop equipment for contratled studies of astronayt
performance during flizht. Equipment and test will be developed to permit studies
of pilot performance in tasks not necessarily associated with direct control of
the spacecraft,
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ey R _To provide, for the asircazuts, a1 eany dom wnzziica
r-‘.“_.- the various dynamic phases of a lunar mission cad to invistizzte the fezsi-
Lty ot monuil contrel in several critical phascs of the lunar mission.

~ T o
Ve Form iae

ST 7162 = 31 63LIET 3163 nake Conn
o NORTH W J [ x | x
Comow TMARTIN R
et REPLA [ e 3 e .

- —




"TASK CROSS INDEX BY

770 DIRECTOR OF BIOTECHNOLOGY AND HUMAN

RESEARCH
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Heat Reguiasicn at Raduc ..:1
Deyvelosment of Life Support Systems
Thestraiita Oxyzen Gonerstor
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16:77-710-103:42-02-83  Acceleration —Hdat 03 BIOLOGICAL INFGRMATION, CONTROL, & COMMUNICATION
10.77-170-100-45-02-65  Radiation -—Fkdat SYSTEMS TASK AREA
10-77-773-100-45-02:L5  Radiation ~Hdat 10-87-870-100-52-03-03 Support af A Computer Technology Centar for Research
10-77-770-100-43-62-07  Radiation —Hdat on MNC Comauters —Hdat
10-77-770-100-45-02.L8  Radiation —Héat 04 EXPZRIMENTAL ANALYSIS OF BEMAVIOR TASK AREA
10-77-770-100-43-02-89  Predomirating Fecal Fiora in Man ~—Hcat 10-87-870-100-52-04-03  Circadian Rhythms in Man Under Controiled Environmental
10-77-770-1¢3-43.02-10  Non-lonizinz Energy Fields ~—Hdat Conditions —Hdat
10-77-772-100-45-02-11  Non-lonizing Energy Fields ~Hdat
10-77-770-100-48-G2-12  Atmospheric Conditions —Hdat 54 Environmental Biology Sub-proqram
10-72-770-1C3-49-02-13  Atmescheric Conditions —Hdot .
10-77-770-100-45-02-14 - Atmosoheric Conditions —litat 01 DEVELOPMENT OF EXPERIMENTS FOR STUDIES OF SPACE FLIGHT
10-71-170-103-59-02-15  Radiation —Hdat ENVIRONMENTAL EFFECTS ON ORGANISMS TASK AREA
10-73-770-100-45-02-16  Radiation —Hdat 10-67-370.103-54-01:03 Study on Effect of Weightlessaess an Phatosvthesis
18-77-770-100-43-02-17 - Radiation —Hdat 10-87-873-160-54-0104  Program of Research in Snace Genetics —Hdat
10-77-1710-100-45-02-18  Aeceleration —Hdat 10-87-870-160-54-01-05  Study of the Use of Fungal Luminescence as a Phvsiologi-
13-77-770-100-46-02-19  Environmental Phvsiology —~Hdat cal ladex —Hdgt
1077-120-100-49-02-20  Radiation —Hdat 10-37-376-100-54-01-05  Growth Patterns of Plants in the Absence of Gravitv Effects
10-77-770-100-43-02-21 Free Space—Extravehicular and Surface Environmertal 10-67-873-160-54-01-07 Life Sciences Instrumentation —Hdat
Studies —Hdat 10-87-870-100-54-01-08 A Workship on Biotelemetry —Hdat
03 BIO MEDICINE & PERSONNEL SELECTION TASK AREA 02 GROUND STUDIES OF SPACE FLIGHT ENVIRONMENTAL EFFECTS
10-77-77C-100-49-C3-01 Pharmacolcey, Proohviaxis and Theraoy —Hdat ON ORGANISIS TASK AREA
10-77-770-100-49-03-02 Toxicology —Hdat

04 P3YCO-PHYSIOLOGY & BEHAVIORAL SCIENCES TASK AREA

10-87-870-100-54-02-02

Effects of Verv Strong Magnetic Fields and of Magnet

Field-free Environments on Animals and Man —Hdut

10-77-770-100-48-34-01  Natural Bhythmic a_nd Circadian Pa_ttems —Hdat 10-87-870-100-54-02-07 Research on Pathezen Free Plants in a Microcosm & en

16-77-770-100-42-04-02  Information Recention & Transmission ~—Hdat the Effect of High Intensitv Light on Plant Growth —Heat

:3;3;32:232;;42‘3 g:;::::: :;’::::n‘::: :H"g:: 10-87-870-100-54-02-10  Individualized. Chemically-Defined Diets in Life Susoort

-1 - (4. A 5 H

Systems During Space Flight —Hdat

51 Physical Biol b 10-87-370-100-54-02-11  To investigate the Use of Perognathus as An Experimental

o alo:f;lsixdlc;\ ISOTO‘!: Sub-proaram Organism for Space Biology Research —Hdgt

0T IT0 100510101 Effoces of isolation. § Bearivat . 10-87-870-100-540212 Freezing and Drying of Living Cells —Héat

-0l Pe‘::r:m"m:“ fon, Seasory Deprivation & 5*“;:’: 10-37-870-100-5402-13  Interdisciplinary Studies of the Effects of Space Environ-

v h -tido N .

ments on Bislogical Systems —Hdat

1% ';; ;53-100-51-01-02 Hgn.dbgoks of Human Factors Methods —Hdat 10-37-870-109-54-02-14  Biological Effect of Chronic Exsosure to Artificial Atmos-

-770-160-51-01-03  Biological Mechanisms —Hdat pheres —~Hdat
10.77-770-100-51-01-04  Characteristics of the Segments of the Muman Bodv

10-77-770-102-51-¢1-05

10-87-870-100-54-02-15 Development of a Superior Diet for Man in Space —Hdat

Biolazical Mechanisms -—Hdst
H : T
2 INFORMATION ACQUISITION TASK AREA 03 :;::x;‘;::i‘;is OF TERRESTRIAL ENVIRONMENTAL
10.77770-160.53-62.01 Kt . o _
03 comgg?: ,_Jzoap‘ﬂ::,}g,gs TASK AREA —Hdat 10-87-870-100-54-03-01  Supnort of White Mountain Alnine Research Station
1077-17 - Studv of the Physiology of Natural High Altitude Hiber-
C-1€0-51.03-01  Remcte Control Systems —Hdat nating Animals Mt
18-77-170- 03 tuati " te —_
100-51-03-62 g;zt:;t;nn of Advanced Integrated BDisplav & EM::I 04 CLFFECTS OF SIMULATED EXTRATERRESTRIAL ENVIRONMENTS ON
16717 :0-51-02- : EARTH ORGANISMS TASK AREA
THTI0IG051.0303  Advanced latearated Disolav & Control Svstams  —Hdat 10-87-870-100-54-04-03 Biochemical Activities of Terrestrial Micraorzanisms in
53 Lif - Simulated Planetary Environments . —Hdat
(3} ATM‘;si?«??eogoi:i?o?r’;::(m:au 10-87-870-100-54-04-03 Research on Llife in Extraterrestrial Environments —Hdat
1077-178103:53-01-08  Pretosyathetic Gas Exchanger Keot 10-87-570-100-54-04-05 Effects of Verv Strong Magnetic Fields and of Maenet
I ,:,. i . ! g o co1d. . imal d _
CT7-71015352:01-02  Elactrolyie Cxvzen Generator —Hdat Field-free Environments on Animais and Man Hdat

10-77-778-1€0-53-01-03
10-77-770-105-53-61-04
10:77-770-103-5503-05
10-77-770-100-53-01-06

Parameters Essential for Manned Flight Ooeration

inteorated Human Maintenance Subsvstem

C0. Recuction Svstem

Use of Ozonides for Air Revitalization

~Hdot
—Hidot
—Rdnt
~—Hdot

05 STUDIES OF BIOLOGICAL MATERIALS & SYSTEMS FOR USE IN
SPACE TASK AREA
10-87-870-100-54-05-01 Physiological Effects of Welghtlessness and Space Radi-
ations on Hibernators —Hdat

10-87-870-100-54-05-07

10-87-870-100-54-05-08

10-87-870-100-54-05-11

Plant Leaves for the Production of Oxvaea in a Closed
System ~hdat
Support of White Mountain Alpine Researc_h Station &
Study of the Physioiogy of Natural High Altitude Hiber-
nating Animals —Hdat
Utilization of Bio-electric Potantials —Hdat




55 Exabicloav Sub-mroaram
01 EVOLUTIONARY & THFORETICAL BIOLOGY YASK ARFA

10-£7-876-1£3-35-01-01
10-87-870-1€3-35-01-03

10-87-§75-103-55.01-04
1067-670-103-55-0105
10-87-670-133-55-01-10

10-87-870-103-55-01-11
10-37-873-1€3-55.01-13
10-§7-673-103-5501-14
10-87-873-165-55-01-15
10-87-870-1C0-55-01-18
®10.57-070-103-85-3119

10.87-673-162-58:01-20

Stucics af Extremely small self-replicating Svstems—Hiat
Studies an the Hill Reaction Activity of Saiutle Cilsro-
piast Extracts -—Hhizt
Molecular Evolution ~—Hist
Wicrosaecticshotametry of Pizments & Orzanic molecules
Dynamic Systems Response cof the Performance Charac-

teristics of Some Major Bisphysical Systems of latercst

folecular Energetics {4
Drganic Cosmochemistry -—Heet
Spzce Bicscicnce Institute —Hdat
Primeval Svnthesis of Porphine-like Substances —Hdat

Refiection Spectra, Meteorite Analysis and Chemical Evo-
Evolution of Enzymes on Nucteic Acids —HZgt
Physics of Cellu'ar Synthesis, Growth and Division —Hdat

~02 INSTRUMINTATION FOR DETECTION OF EXTRATERRESTRIAL LIFE &
LIFE-RELATED COMPOUNDS TASK AREA

* 10-87-870-100-55.62-01
10-67-870-102.55-02.02
10.37-870-102-5502-03
13-87-670-163-55-62C4
10-37-879-1€2-55.02-05
10-57-670-100.55.02.07
10-37-675-160-55-02-08

Cytachamical Stucies of Planetarv Microcrzanisms —Hdot

Detection of Microorzanism on Other Piznets —Hdat
Radicsotopic Probe far Exiraterrestrial Life —Heat
A Wiicrescenic system for biclogical research —Hdst

Detection of Extraterrestrial Life by Optical Rotation—HKdat
Detection of Extraterrestrial Life bv UV Spectrometry
Indentification of Oresaic Matter by Mass Soectrometry

10-87-870-100-65-02-10 Cetection of Extraterrestrial Life by *')” Bands  ~Héat
03 SPECTROSCOPIC STUDIES OF PLANETARY ATMOSPHERES &

SURFACES TASK AREA
10-£7-870-123-55-03-01 IR Planetary Observations in the Strateschere —hdat
19-£7-873-1C0-55-03-02 IR Planetory Ouservatory in the Stratosohere —tidat

C4 EXTRATERRESTRIAL SAMPLE COLLECTION & ANALYSIS TASK AREA

10-87-670-160-55-C4-01
10-57-870-1C3-55-64-02
15-87-678-103-55-04-03
10-£7-870-1€3-55-05C4
10-87-870-105-55C4-C5
10-87-€70-160-55-04-C6
10-27-878-182-85-04.07
16-£7-870-103-55C4-08

05 STERILUZATIOGN OF.

10-37-870-103-3565-01
10-87-870-100-5505-02
10-87-870-100-5505-08

In-flight Photcaraphy and Recoverv of Metaorites —Hdot

Sampling for Microbas in the Stratosshere —Hiz

Analvsis for Hvdrocarbons in Nineral Aggremates —-Hdat
Biogeochemical Studies of Mcleorites ~Hdat
Beveiopment of Upper Atmssphere Sampler —Haat
Arslysis of Czrbonaceous Mateorites ~Hdat
Hydrecarbon Analysis in Detection of Life —Hdat
Hetecrite Studies ~—hdat
SPACECRAFT TASK AREA

Sterilization of Space Prohes —Hdat
Sterifization of Soacecraft —Hdat
Viability of Orzanisms in Simulated Soace —Hiot

19 Control Svstems Sub-oroaram
06 NOT RIPGRTED TASK AREA
10-1-530-101-19-05-14 Manual and Semi-Automatic Guidance & Navig. Technioues

23 Date Handlino & Processina Sub-oroaram

04 COMPUTERS & DISPLAYS TASK AREA

10-51-516-101-23-04-03 Technioues for Generation of Troubleshoating Guidas
06 KOT RFPORTED TASK ARFA

16-61-910-101-23.06-13 Ground Disalav Technioues —~—Hdot
09 PREDICTOR DISPLAYS FOR SPACE VEHICLES TASK ARFA
10-51.610-101-235-65  Predictor Displays for Space Vehicles —Hdat

16-61-610-131-23-09-06  Flight Disnlav and Control Integration for Manned Soace-
craft —Hdat

10-1.810-161-22-€8-07 In-Flight Job Aids ~—Hdat

49 Humcn Performance & Behavior Sub-proarom

07 PERCEPTICN TASK AREA

18-61-310-101-43-1-67 Human Engincering Desizn Criteria for Soace Svstems

04 MAINTAINING ASTRONAUT ALERTNESS TASK AREA

10-81-610-101-39-04-08  Maintaining Astronaut Alertness ~Hdat

\
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* TASK CROSS INDEX BY INSTALLATION

21  AMES RESFARCH CENTFR

77 HUMAN FACTORS SYSTEMS PROGRAM

06 Advanced Conceots Sub-oroarom

O SYSTEMS ANALYSIS TASK AREA

21-77-770-100-660101 Use and Experiments Studv for Manned Orbiting Soaca
tation —Ahmes

49 Human Performance & Behavior Sub-proaram

01 PERCEPTION TASK AREA

21-77-770-10049-03-01  Newrchormonal Studies as Related to Space Flight Stresses

21-77-770-100-49-01-02  Pituitary Chemistry ~—Ames

21-77-770-100-43-01-03  Research in Cerebral Neurophysiology and Its Apolications
in Monitoring Behavioral States —hmes

02 ENVIRONMENTAL PHYSIOLOGY TASK AREA

21-77-770-100-43-02-61
21-77-170-100-49-02-02
21-71-770-100-48-0203

21-17-770-100-49-0204
21-17-770-100-48-02-05

21-77-7170-100-43-02-86
21-77-270-100-49-02-07

21-77-770-100-49-02-08
21-77-770-100-43-02-03

21-77-770-100-49-02-10
21-11-770-100-49-02-11
21-77-770-100-49-02-12
21-77-770-100-49-02-13
21-77-770-100-48-02-14

Vision, Circulation and Respiration under Sustained Ac-
celeration —Ames
Study of Long-Term Effects of Low G-loading on Mammals
(mice, rats. etc.) —Ames
Metabolism of Animals as influenced bv Soace Environ.
mental Conditions ~Ameg
Radiation Dosimetry and Measurement —Ames
Theoretical Study of High Energv Radiations in Relation
to Biological Systems ~—Ames
Effects of Kigh G Loadine on Metabolism —kmas
Pathological Studies on the Brains of Mice and One
Monkey to be Exposed to Cosmic Radiation in High Aititude
Balloon Flights —Ames
Soace Phvsiology (Extension of NsG 135-61) —Amag
Histeapathological Studv of the Effect of Fission Frag-
ments on the Central Nervous Svstem and Selected Oreaas
(NAS 2-1336) ~Ames
Parametric Study of Flight-Induced Pulmonarv Pathology
Eiectroneurophysiological—Task Performance Correlates
Sialogicat Research with Heavy lon Beams ~—ATesS
Dosimetry of Hizh Energy Radiation —~Ames
Post-Mortem Clinical Analysis of Bislogical Specimens

03 BIO MEDICINE & PERSONNEL SELECTION TASK AREA

21-71-170-100-49-G3-01

Qcular imoedance Plethvsmeoraohv ~—imeae

04 PSYCO-PHYSIOLOGY & BEHAVIORAL SCIENCES TASK AREA

21-77-270-100-49-04-01
21-17-770-100-48-04-02
21-77-770-100-45-04-03

51 Physical Bioloaqy Sub-proaram
Ol BIOCHEMICALS TASK AREA

21-77-770-100-51-01-01
21-77-270-100-51-01-02
21-77-770-100-51-01-03
21-77-770-100-51-01-04
21-77-770-100-51-01-0%

21-71-770-100-51-0108
21-717-170-100-51-01-07

21-77-710-100-51-01-08
21-77-170-100-51-9109
21-27-170-100-51-01-10
21-77-770-100-51-01-11

21-77-770-100-51-01-12

Auditory Perceotion During Soace Mission —Ames
Visual Perception During Space Missions —Ames
Decision Making in Space System Operation —Ames
Skilled Performance in Space Vehicle Control —Ames
Communication in Space Ogerations ~—Ames

Pilot's Ability to Cope with Sudden Changes in the Con-
trolled E'ement —Ames
Asolication of Reliability Theorv to the Allocation of
Functicn Between the Pilot and the Yehicle Svstems—Ames
Problem Areas Associated with Flight Through Turbulent
Rir ~Ames
Vestibular Motion Cues Used by the Human Pilot  —Ames
Human Pilot Control Problems in a Manned Planctary
Landing —Ames
Design Principles for Display and Contro! Systems for
Recovery from Unusuai Attitudes —Ames
Human Pilct Control Problems in a Manual Abort of a
Lunar or Planetary Mission —Ames
Effects of ladividual Environmental Stresses of Space
fiizht on Human Filot Performance —Ames
Biological Contro! Systems—A Comorehensiva and Critical
Review of the Field —Ames
Utilization of Bioelectric Potentials. Suooort Phase |

02 INFORMATION ACQUISITION TASK AREA

21-77-770-100-51-02-01

Operator Selection for Space Missions —Ames

03 CONTROLS & OPERATIONS TASK AREA

21-77-710-100.51-0301

21-17-770-100-51-03-02

Bevelopment of Physiolozical Montioring Eguipment for
Use in Motion Flight Simulators and Aircraft ~—Ames
Piloted Simulator Requirements for Effective Research,
Development, and Training —Ames

A sn
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53 life Support Sub-proqram
01 ATMOSPHERE CONTROL TASK AREA

21-77-770-100-53 01-01
21-77-170-100-53-01-02

21-71-370-100-53-01-03
21-77-770-100-53-01-04

Heat Regulation at Reduced Pressures —‘—Ames
Rcecnerative Characteristics of Adsorbers Used m. En-
vironmental Centrol Systems —Ames
Closed Life Support System Optimization Studies ~—Ames
Efects of High Oxygen Tensions on Central Nervous
System —Ames

03 WASTE DISPOSAL TASK AREA

21-77-770-100-53-03-01

Design Construction and Test of an ntegrated Human
Maintenance Subsystem ~hmes

04 PROTECTIVE DEVICES TASK AREA

21-77-770-180-53-04-01
21-71-770-100-53-04-02

Improvement of the Ames Support and Rastrajnt System
Anthropometric Devices for Plangtary Expioration —Ames

06 BIO ENGINEERING TASK AREA

21-77-170-100-53-06-01
21-77-770-100-53-06-02

21.77-770-100-53-06-03

Arterial Pulse Pressute Ear Oximeter Telemetry -chlfes
Study and Evaluation of Psychophysiological Monitariag
Technigues for Use in Advanced Aerospace Missions

Biological Design Studies of Man —Ames

87 BIOSCIENCE PROGRAM

. 52 Behavioral Bioloay Sub-proaram

01 EFFECTS OF THE SPACE ENVIRONMENT ON BEHAVIOR TASK AREA

21-87-870-100-52-31-01
21-87-870-100-52.01-02

Behaviorai Effects of Rotation and Acceleration —Ames
Neuroendrocrinological Aspects of the inter-relationships
Between Biological Rhythms and the Stresses of Space
Flizht —Ames

02 NCUROLOGICAL & BIOCHEMICAL BASES OF BEHAVIOR TASK AREA

21-87-870-100-52-02-01
21-87-870-1C3-52.0202
21-87-870-100-52-02-03
21-87-870-100-52-02-04

Physiology of Vestibular Nulceus —~—Ames
“End Points” in Neura) Organization —Ames
Yestibular Brain Mechanisms —Ames

Biochemical-Eiectrical interrelationships in Simple Biolaz-
ical Information Storage Systems —Ames

04 EXPERIMENTAL ANALYSIS OF BEHAVIOR TASK AREA

21.37-373-100-52-0401
21-87-870-1G0-52-04-02
21-§7-870-100-52-04-03
21-81-870-160-52-04-05

54 Environmental

Learning and Discrimination of Probability Schedule
Environmental Determinants of Behavior —Ames
Control of Complex Behavior in Infra-Human Organisais
Development of an Empirical Caiculus of Reinforcement
Yalue —Ames

Bioloav Sub-proaram

01 DEVELOPMENT OF EXPERIMENTS FOR STUDIES OF SPACE FLIGHT
ENVIRONMENTAL EFFECTS ON ORGANISM3 TASK AREA

21-87-870-100-54-01-05

Instrumentation of Smal! Animals for Radistion Detectien

02 GROUND STUDIES OF SPACE FLIGHT ENVIRONMENTAL EFFECTS
ON QARGANISMS TASK AREA

21-87-876-100-54-02-31
21-87-870-100-54-02-02
21-§7-870-100-54-02-03
21-87-870-100-54-02-05
21-87-870-100-54-02-06
21-87-670-100-54-02-08
21-87-870-100-54-02-09
21-87-870-160-54-02-10
21.87-870-100-54-02-11
21-87-870-100-54-02-12
21-87-870-100-54-02-13
21-87-870-100-54-02-14
21-87-870-100-54-02-15
21-87-870-100-54-02-16

21.87-870-100-54-02-17

Effects of Low Magnetic Fields on Living Material —Ames
Amelioration of Radiation Effects by Dietary Control—Ames
Effect of High Maznetic Field on Living Material —Ames
Radiation Protection by Aiteration of 61 Funclion —Ames
Study Long-term Effects of Low G-loading on Plants—Ames
Study Llong-term Effects of Low G-loading on Single-
celled Systems —Ames
Study the Diract Effects of Alpha Particle Radiation on
the Rat Brain —hmes
Biological Effects of Ground Based lonizing Radiation
X-rays) —Anes
Efiects of Simulated Extraterrestrial Conditions on So-
matic Mitosis and/or Mutation Rate —Ames
Effect of Space Voyage Stress on Synthelic Metabolic
Processes —Ames
Nucleatide variations of certain tissues im Response to
Some Environmental Alterations —Ames
Protein Synthesis of Different Tissues of the Rat in
Response to Various Corticoids —Ames
Roentgenozraphic Estimation of Bone Age in the Cymo-
molzus Monkey ~—Ames
Effects of Simulated Extraterrestial Conditions on Immune
Mechanisms —Ames
Enclosure Monitoring of Fibrinalysis ~—Ames

04 EFFECTS OF SIMULATED EXTRATERRESTRIAL ENVIRONMENTS ON
EARTH ORGANISMS TASK AREA

21.87-870-100-54-04-02

Effects of Simulated Planetary Environment on Earth
Organisms —Ames

05 STUDIES OF BIOLOGICAL MATERIALS & SYSTEMS FOR USE IN

SPACE TASK AREA

21-87-870-100-54-05-06

Incorporation and Metabolism of Nitrogea by Plants
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TASK CROSS INDEX BY INSTALLATION

21-87-870-100-54-05-07 Comparative tffects of Protons and Xravs on Intestinal
Injury and Recavery in the Rat, Dog. Cuinea Pig. and Hi-
bernating Mammals —hmes

55 Exobioloqy Sub-proaram
01 EVOLUTIONARY & THEORETICAL BIOLOGY TASK AREA
21-67-870-102 85.01.04 Synthesis of Protein Microspheres to Serve as A Cell
Model for Research on the Origin of Life, etc.  —Ames
21-87-870-100-55-01-08 Chemistry of Formation of Bislagicaliv-significant Kole-
cules Under Primitive £arth and Extraterrestrial Conditions
21-87-870-100-5501-07 Properties of Manolayers of Csll Membrans Compontats
at Liquid Interfaces —Ames
21-87-670-100-55-0108 Phvsico-Chemical Properties of Artificlal Multilaver Systems
21-87-870-100-55-01-10  Effects of Extraterrestrial Conditions on the Metabolism
of Tissue Maintained in Culture ~=Aries
21.87-870-100-55-01-11 Factors Controlling the Formation of Hereditary Materials
21-87-670-100-55-01-13 A Study of Molecular Structures and Reactions Occurring
in Biclagical Systems lrradisted with Ultraviolet Light
21-87-870-100-55-01-14  Study of Smallest Reglicating Units of Heredity —Ames
21-87.870-100-55-01-15 The Mechanism of Radiation-induced Defay of Cell Divisien
21-87-870-100-55-01-16 Radiation Effects on Photosynthetic Organisms  —Ames
21-87-870-100-55-01-17 Lipid Inveivement in Photosynthesis —~Ames
21-87-870-100-55-01-18  Structure of Nucleic Acids of Viruses —Ames
02 INSTRUMENTATION FOR DETECTION OF EXTRATERRESTRIAL LIFE &
LIFE-RELATED COMPOUNDS TASK AREA
21-87-870-100-55-02-05 Life Detection in Planetary Models and Simulators —Ames
21-87-870-100-5502-12 Life Detection Oevices ~Ames
04 EXTRATERRESTRIAL SAMPLE COLLECTION & ANALYSIS TASK AREA
21-87-870-100-5504-01 Provide Laboratory and Suitable Technology for Detailed
Analysis of Returned Extraterrestrial Samples —Ames
21-87-870-100-55-0403  Analysis of Blo-organic Matsrials of Extraterrastrial Origin
21-87-870-100-55-04-19  Isclation of Viruses and Bacteria —Amas




